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PREFACE 


TO  IMK  blXTH  EDITION. 


Thb  flmall  volume  on  ^<Thb  CfoNSTBucnON  of  Boads 
AND  Strbbts/'  for  which  the  kte  Mesm.  Hbnrt  Law 
and  B.  Olabk  were  responsibleyeBtabliahed  for  itself 
a  weU-desenred  reputation  as  a  thoroughly  practical 
and  trustworthy  guide. 

The  subject  of  the  work  (which  is  now  receiving 
attention  and  consideration  in  so  many  q^uorters)  being 
a  progressive  oae^  and  the  original  Authors  being  botk 
deceased|  it  became  necessary  to  entrust  to  another  hand 
the  duty  of  bringing  it  up  to  date  for  a  new  edition ; 
and  for  that  duty  the  Publishers  have  been  fortunate 
in  secormg  the  services  of  Mr*  A.  J.  Wallis-Tayleb. 

The  earlier  portion  of  the  work  is  mainly  historical, 
or  else  concerned  only  with  piindples  of  road  con* 
structiouj  and  has  therefore  not  re(juired  revision  except 
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on  one  or  two  minor  points;  but  Part  II.,  which  deals 
with  later  practice,  has  been  subjected  by  Mr.  "WaMw- 
Tayler  to  careful  reYidon  fhxoughodt.  He  has  re- 
written (wholly  or  in  part)  those  of  the  original  chapters 
which  needed  snch  treatment^  and  has  added  several  new 
chapters  dealing  with  the  latest  deyelopments  of  the 
subject  He  has  also  added  some  illustrative  diagrams, 
and  has  supplied  a  new  and  fuller  Index. 

He  has  preserved  (in  the  Appendices)  the  useful 
material  given  in  former  editions  on^'Boliing  New-made 
Beads,"  by  Sir  John  Burgoyne ;  on  the  Economy  of 
Boad  Maintenance  and  Horse-Draft  through  Steam 
Boad-Bolling,"  by  Mr.  F.  A.  Paget  (to  which  he  has 
added  a  brief  Supplementary  Sketch) ;  and  on  the 
**  Condition  of  Wood  and  Asphalte  Pavements  in  the 
City  of  London,*'  by  Oobnel  Haywood.  He  has 
also  given  the  By-laws  now  in  force  regarding  the 
Oonstruction  of  New  Streets  in  the  Metropolis. 

In  the  resulti  the  work  has  been  enlarged  by  about 
120  pages,  and  cannot  fail,  as  thus  revised  and  ex- 
tended,  to  prove  of  augmented  usefulness  and  value. 

LONDOV, 

July,  mu 
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HISTOBICAL  SKETCH. 

BY  B.  K.  GLABE,  OS. 

Ik  the  middle  of  the  eighteenth  century,  communication 
between  towns  was  diiEcult,  The  roads  were  originally 
mere  footpaths,  or  horse-tracks,  across  the  country,  and  the 
few  wheeled  carriages  m  use  were  of  a  rude  aud  inefficient 
description^  iVir  which  the  roads  were  wholly  unudapted. 
The  roads  were  necessarily  tortuous,  every  obstacle  which 
the  ground  presented  being  sufficient  to  turn  the  trayeller 
out  of  his  natural  direction.  Many  of  these  roads  were 
carried  over  hills  to  avoid  marbkca,  which  were  subse- 
quently drained  oSl  or  dried  up ;  others  deviated  from 
their  direct  course  in  order  to  communicate  with  the  fords 
of  riyers  now  passable  by  bridges.  The  inland  commerce 
of  tlio  country  was  cliiefly  carried  on  by  transport  on  the 
backs  of  pack-horses,  and  the  old-fashioned  term  load^ 
commonly  in  use  as  a  measure  of  weight,  is  a  remnant  of 
that  custom — ^meaning  a  horse-load.  Gradually,  the  roads 
became  practicable  for  the  rude  carriages  of  the  times, 
and  they  were  maintained,  though  in  a  very  defectiyc 
condition,  by  local  taxes  on  tbe  counties  or  parishes  in 
whicli  they  were  situated.  So  they  remained  until  tum«* 
pike-trusts  were  established  by  law,  for  levying  tolls  from 

B 
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pmons  trayellixig  upon  the  roads.  Several  of  these  tnista 
were  established  previous  to  1765,  and  tiiey  subsequently 

became  general,  when  the  attention  of  all  classes  of  the 
commuiiitj  was  directed  to  the  state  of  the  highways. 
Bills  for  maJdng  tumpike-roads  were  passed,  evexy  year,  to 
an  extent  which  seems  almost  incredible ;  and,  in  addition, 
every  parish  was  compelled  by  the  force  of  public  opinion, 
supplemented  by  indictments  and  £nes  recoverable  at 
common  law  against  the  trustees,  when  the  roads  were 
not  maintained  in  proper  repair.  But  the  turnpikes  formed 
a  cnmbrous  system :  they  were  trusts  in  short  lengths — 
about  hfteen  or  eighteen  miles — and  the  surveyors  em- 
ployed appear  to  have  been  iU-educated,  and  were 
appointed  by  favour  of  the  trustees  rather  than  for  any 
professional  knowledge. 

A  long  period  elapsed  before  any  good  system  of  road* 
making  was  established.  The  old  crooked  horse-tracks  were 
generally  followed,  with  a  few  deviations  to  render  them 
easy ;  the  deep  nits  were  filled  with  stones  or  gravel  of 
largo  and  unequal  sizes,  or  with  any  other  materials 
which  could  be  obtained  nearest  at  hand.  The  materials 
were  thrown  upon  the  roads  in  irregular  masses^  and 
rou^hl^'  spr  eadtp  m  ako  th  em  passable.  The  best  of  those 
roads  would,  in  our  time,  be  declared  intolerable.  £oad- 
making,  as  a  profession,  was  unknown,  and  scarcely 
dreamt  of;  for  the  people  employed  to  make  ihe  roads  and 
keep  them  in  repair,  wore  ignorant  and  incompetent  for 
their  duties.  Travelling  was  uncommon,  and  funds  were 
scanty,  and  higher  talent  could  not  be  ccmmianded.  Engi- 
neers, except  in  cases  of  special  difficulty,  such  as  the  con- 
struction of  a  bridge  over  a  deep  and  rapid  river,  cutting 
through  a  hill,  or  embanking  across  a  valley,  probably 
thought  that  road-making  was  beneath  their  considera- 
tion, and  it  was  thought  singular  that  Smeatou  should 
have  condescended  to  make  a  road  across  the  valley  of 
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the  Trout,  between  Markham  and  Newark,  in  1768.  At  flio 
Bamo  time,  civil  engineers,  according  to  Sir  Henry  Parnell, 

had  been  too  oommonly  deemed  by  turnpike-trustees  as 
something  rather  to  be  avoided,  than  as  useful  and  neces- 
sary to  be  called  to  their  assistance.''  By-and-bye,  as 
people  became  sensible  of  the  value  of  time,  easier  and 
more  rapid  means  of  communication  than  the  old  roads 
were  required:  improved  bridges  were  built  with  easier 
ascents ;  and,  in  some  cases,  cuts  were  made  to  shorten  the 
distances,  though  the  general  lines  of  the  old  roads  were 
preserved.  The  roads,  no  doubt,  were  somewhat  im- 
proved in  this  way,  but  there  was  no  general  system  or 
concert  between  Ihe  district  trustees. 

Mr.  Ai'thur  Young,  in  his  Six  Months'  Tour,"  pub- 
lished in  1770,  writes  of  some  of  tho  roads  in  the  north  of 
England : — "  J?b  Wt^an,  Turnpike. — know  not,  in  tho 
whole  range  of  language,  terms  sufficiently  expressive  to 
describe  this  infernal  road.  Let  mo  most  seriously  caution 
all  travellers  who  may  accidentally  propose  to  travel  this 
terrible  countiy,  to  avoid  it  as  they  would  the  devil,  for  a 
thousand  to  one  they  break  their  necks  or  their  limbs  by 
overtlirows  or  breakings  down.  They  will  here  meet  wiiU 
ruts,  which  X  actually  measured  four  feet  deep,  and  float- 
ing with  mud  only  from  a  wet  summer ;  what  therefore 
must  it  be  after  a  winter  ?  The  only  mending  it  receives 
is  tumbling  some  loose  stones,  which  seiwo  no  other  pur- 
pose than  jolting  a  carriage  in  the  most  intolerable 
manner.  These  are  not  merely  opinions,  but  facts ;  for  X 
actually  passed  three  carts,  broken  down,  in  those  eighteen 
miles  of  execrable  memory."  "  2b  Newcastle.  Turnpike. 
— A  more  dreadful  road  cannot  bo  imagined.  X  was 
obliged  to  hire  two  men  at  one  place  to  support  my  chaise 
from  overturning.  Iiet  me  persuade  all  travellers  to  avoid 
tliis  terrible  country,  which  must  either  disloccLe  their 
bones  with  broken  pavements,  or  buiy  them  in  muddy  ^ 
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sand.''  Even  bo  much  later  as  the  year  1809,  the  roads 
answered  to  tbe  description  of  Mr.  Young.   Mr.  0.  W. 

"Ward,  writing  in  that  year,*  states  that  the  conv^  sec- 
tion, as  shown  in  ITig.  1,  was  the  most  prevalent  in  the 


ilg.  l.^Ciommon  Conrex  Jbload,  in  1800. 


country.  Under  the  impression  that  the  higher  the  arch 
was  made,  the  more  easily  the  road  would  be  drained, 
the  materials  were  heaped  np  about  the  centre  till  the 
sides  became  dangerous,  by  their  slope,  for  the  passage  of 
caniagos.  The  carriages,  therefore,  ran  entirely  upon  the 
middle  till  it  was  crushed  and  worn  down,  and  then  a  fresh 
supply  of  materials  was  laid  on,  and  the  road  was  again 
restored  to  its  dangerous  shape.  The  sides  of  the  road 
were  but  little  used,  except  in  summer,  or  until  the  heavy 
waggons  had  crushed  the  middle  into  a  surface  apparently 
compact  and  smooth.  In  some  places,  the  rough  materials 
were  laid  in  a  narrow  line^  not  exceeding  seven  or  eight 
feet  in  breadth,  along  the  middle  of  the  road,  and  the 
sludge  collected  from  the  scrapings  of  the  roads  or 
ditches  was  placed  on  each  side,  like  banks,  to  prevent  the 
stones  from  being  scattered  by  the  wheels.  The  high  con- 
vex form  was  so  exceedingly  defective  as  to  defeat  the 
object  for  which  it  was  constructed.  Carriages  were  forced, 
for  safety  or  for  convenience,  to  keep  to  the  middle,  and 
it  was  q)eedily  ploughed  into  deep  ruts,  which  held  the 
rain-water,  even  when  the  convexity  approached  to  the 
form  of  a  semicircle.  The  central  eleration,  therefore, 
was  not  kept  diy ;  and  the  central  pressure  of  the  traiho 
forced  the  material  upon  the  sides,  where  they  lay  loose 

*  Third  Bepoii  froia  Parliamentary  GommiUee  on  TompikM  sn4 
Highways,  1809. 

Digitized  by  Google 


OLD  OOUKTBT  ROAD. 


S 


and  unconneoted,  and  obBtmcfced  the  oooxse  of  water  from 

the  middle.  The  condition  of  such  a  road,  ploughed  and 
disintegrated,  is  illustrated  in  section      Fig.  2,  when  it 


fig.  2.~Aii  Indicted  BoacL-^ltoflxst  state.  Yeas  1809. 


wa«,  probably,  indicted.  It  was  commoii  for  the  parish- 
Burvejor  after  harvest  to  make  a  contract  with  a  stout 
labourer,  who  took  job-work,  for  the  reparation  of  the 
road,  with  ^  special  injunction  *'  to  be  sure  that  he  threw 
up  the  road  high  enough,  and  made  the  stones  of  the 
old  causeway,  or  foot  payementy  go  as  far  as  they  could." 
The  diligent  operator  fell  to  work ;  nor  was  he  stopped  by 
the  equinoctial  rains  in  September,  for  the  work  must  be 
done,  as  contracted  for,  before  the  Michaelmas  sessions. 
He  accordingly  produced  something,  Fig.  3.    The  doda 


Pig.  3  — T]\e  Indicted  Rood  thrown  np,  to  tak<r  oil  llie  Indictmeat» 
under  the  direction  of  a  Parisli  Sunre}  jr.  LtM  second  state. 


and  rushes  were  thrown  into  the  bottom,  and  the  soft  soil 

which  nourished  the  vegetation,  and  all  other  materials, 
hard  or  soft,  were  laid  down,  forming  a  convexity  of  con- 
siderable elevation,  according  to  order: — barrelling  the 
road,  as  it  was  called.  The  whole  was  duly  surmounted  with 
the  stones  from  the  old  broken  footpath,  with  a  little  grayel 
raked  over  them,  just  to  keep  them  together.  Finished 
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ihns,  say  by  Saturday  niglii^  then  on  the  foUowing  Monday 

it  was  submitted  for  inspection  to  two  magistrates,  on  their 
way  to  tke  quarter  sessions.  How  could  they  possibly 
refuse  to  speak  the  truth  ?  they  certified  that  it  was  per- 
fectly smooth  when  they  saw  it,  and  that  a  rast  deal  had 
been  done  since  the  last  tiino  they  were  there."  Eut 
besides  tear  and  wear,  decomposition  immediately  took 
place  in  the  chaotic  mass,  and,  in  the  second  or  third 
year  after  the  repair,  the  road  was  reduced  t  ^  the  condition 
shown  in  Fig.  4,  in  its  last  and  worst  state. 
Although  it  appears  that  the  practice  of  road-making, 


Fig,  i.— The  same  Boad,  in  iU  third  year  af.er  repair,  or  ill  last  and  vocBt  state. 

even  at  the  commoncement  of  the  present  century,  was 
sadly  deficient,  it  is,  neyertheloss,  fair  to  add  that  persons 
of  intelligence  were  aware  of  the  first  reqiusite  for  a 
good  road.  Mr.  Foster,  of  Bedfordshire,  in  1809,  saw 
that  it  was  desirable,  "  first,  to  lay  a  substantial  founda- 
tion of  the  hardest  stone  or  coarsest  gravel  that  could  be 
procured,  and  then  to  coat  it  with  a  finer  and  more  level 
surface." 

It  followed,  from  the  imperfect  condition  of  the  roads, 
that  the  wheels  of  vehicles  were  required  to  be  of  great 
width,  in  proportion  to  the  weight  carried  on  each  wheel. 

Tlie  following  table  shows  the  pro^^ortions  and  the  distri- 
bution of  weight  on  the  wheels,  according  to  the  regula- 
tions of  the  Act  which  was  in  force  in  the  early  part  of  this 
century.  The  rolling  widths  are  the  slant  widths  of 
conical  wheels  ;— 
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Xablb  No.  1. — Weight,  HoRSE-rowKu,  and  Wheels  op  VsaicLEi 

ON  Common  Roads.  1809. 


1 

1 

j 

on  the 

TTI'wl  of", 

each 

Oross 
weight. 

Number 
ofhoraee. 

Diaiigbt  of 
ettdi  SoNft. 



T»PT  tncS 

ot  width. 

• 

wbeeL 

InebM. 

tong. 

cwt.  lb. 

ewtii 

llM. 

16    .       .  . 

8 

la 

IG  0 

40 

280 

9,  rolling  16  • 

6i 

8 

16  42 

32J 

404 

9     •       •  • 

6 

8 

16  0 

30 

373 

6,  rolling  11  . 

6 

18  37 

613 

6     •      «  • 

6 

16  0 

22i 

420 

3     .       •  • 

4 

17  66 

653 

2,  Stage  ooaoh . 

4 

4 

20  0 

20 

1120 

Here,  it  is  apparent  that  the  pi  essiues  per  inch  of  width 
of  tyres  increased  as  the  width  diminished.  In  the  opinion 
of  the  practical  men  of  that  day — carriers  and  others-* 
•  the  pressuio  bliould  liavo  been  limited  to  about  4  c\rt., 
or  448  lbs.,  per  inch  wide ;  and  it  was  maintained  that 
the  minimum  width  of  wheel  for  any  vehicle  should  be 
4|-  inches. 

About  the  year  1816,  Mr.  James  L.  Macadam,  who  had 
for  many  years  previously  given  liis  attention  to  the  state 
of  the  roads,  assumed  the  direction  of  the  roads  of  Bristol, 
and  he  put  in  practice  the  leading  principle  of  his  system 
of  ruail-making,  namely,  "  to  put  Liukon  stone  upon  a 
road,  which  shall  uuite  by  its  own  angles  so  as  to  form  a 
solid,  hard  surface,"  It  follows,''  he  adds,  *^  that  when 
that  material  is  laid  upon  the  road,  it  must  remain  in  the 
fiitaatioii  iu  which  it  is  placed  without  ever  bciug  luuvud 
again ;  and  what  I  &nd  fault  with  in  putting  quantities  of 
gravel  on  the  road  is  that>  before  it  becomes  useful,  it 
must  move  its  situation,  and  be  in  constant  motion."* 
The  principle  was  to  substitute  small  angular  stones,  such 

•  Ptcport  of  the  geleet  Oommittee  on  tba  Highways  of  the  King* 
dom,  1819,"  p.  22. 
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as  resulted  from  tho  breakage  of  larger  stones,  for  rounded 
stones ;  BO  as  to  form  a  sort  of  mosaic  or  interlocking  sjs- 
tern.  This  is  the  distinctive  novelty  of  the  system  of 
Macadam^  and  its  value  has  been  established  by  universal 

experience. 

Mr.  Macadam  also  maintained  that  no  greater  convexity 
should  be  given  to  the  surface  of  the  road,  in  transverse 
sections,  than  was  suMcient  to  cause  rain-water  to  run 
readily  into  the  side  channels.  The  surface  of  the  road 
was  kept  even  and  clean  by  the  addition  of  proper  fresh 
materials  when  necessary,  distributed  equally  in  thin 
layers  immediately  after  rain,  in  order  that  the  new  mate* 
rials  might  bind  and  incorporate  properly  with  the  old. 
Macadam's  system  of  construction  consisted  in  simply 
laying  a  stratum  of  flints,  or  other  hard  materials,  10 
or  11  inches  tbid^  broken  equally  into  small  pieces  about 
2  inches  in  diameter,  and  spread  equally  over  the  intended 
road-surface.  The  broken  metal"  became  consolidated 
by  carriages  passing  over  it.  Without  any  specialty  of 
professional  training,  except  the  faculty  of  acute  obser- 
vation, Macadam  effected  great  improvement  of  the  sur- 
face of  the  roads  immediately  under  his  charge  ;  and,  by 
his  business-like  and  extended  views  on  road -adminis- 
tration, he  established  for  himself  a  world-wide  repu- 
tation. He  professed  to  be  a  road-maker  only,  and  he 
devoted  liis  wliolo  time  and  attention  to  the  propagation  of 
his  system.  He  found  the  roads  in  tlie  Bristol  district 
loaded  with  two  or  three  feet  of  materials,  of  large  and 
irregidar  size,  which  had  for  years  been  accumulated 
on  the  surface.  The  heaps  were  utilised  as  quarries  of 
stones  jiartially  broken  on  the  spot ;  the  stones  he  excavated, 
separated  irom  the  mud,  and  reduced  by  breakage  to  a  uni- 
form size,  6  oimces  in  weight.  After  having  been  so  broken, 
tho  stones  were  relaid,  and  were  caiL fully  and  regularly 

raked  and  levelled  during  the  process  oi  consolidation.  In 
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this  yray,  with,  the  addition  of  eflTectiYe  drainage  wLere 
neooBsary,  he  was  enabled  to  make  a  good  surface  on  roads 

which  previously  were  almost  impassable.  As  nearly  every 
road  had  more  metal  upon  it  than  was  necessary,  he,  aud 
the  snrveyors  appointed  by  him,  established  economy  in 
the  constraction  and  maintenance,  as  well  as  in  the  admi- 
nistration of  the  imances,  and  his  system  became  generally 
adoi)ted." 

Whilst  Mr.  Macadam  deserred  well  as  the  pioneer  of 
good  road-construction,  it  may  be  observed  that  he  had 

been  anticipated  in  the  ])ruinulgation  of  the  system  of  a 
regularly  broken -stone  covering  by  Mr.  Edgeworth,  an 
Irish  proprietor,  whose  treatise  on  roads,  of  which  the 
second  edition  was  published  in  1817,*  contains  the  results 
of  his  experiments  on  the  construction  of  roads,  with  some 
useful  rules.  He  advocated  the  breaking  of  the  stones  to 
a  small  size,  and  their  equal  distribution  over  the  surface. 
He  also  recommended  that  the  interstioes  should  be  filled 
up  with  small  gravel  or  sharp  sand — a  practice  which, 
though  it  was  condemned  by  Macadam,  is  now  adopted 
by  the  best  surveyors. 

Since  Macadam's  time,  the  practice  of  road-making  has 
been  greatly  improved  by  the  use  of  the  roller  for  com- 
preadng  aod  settling  new  materiala,  and  of  preparing  at 
once  a  comparatiyely  smooth  and  hard  surfoce  for  traffic. 

Telford  first  directed  his  attention  in  1803-4,  tu  the 
construction  of  roads.  He  was  employed  chiefly  in  the 
constraction  of  new  roads^hnndreds  of  miles  of  roads  in 
the  Scottish  Highlands ;  also  the  high  road  fi*om  London 
to  Holyhead  and  Liverpool,  and  the  great  nortk  roads, 
formed  in  consequence  of  the  increased  communication 
with  Ireland  after  the  Union,  and  which  were  excellent 
models  for  roads  throughout  the  kingdom.    Telford  set 

*  An  Essay  ou  th^  Con8tructio&  ol  Koada  and  Ow^BL^oBf*  Zud 
•OitiQn,  1817. 
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out  the  roads  according  to  the  waatB  of  the  district  through 

which  t]iey  wcro  made,  as  well  as  with  a  view  to  more 
diatant  communication;  and  the  accHvities  were  so  laid 
outj  that  horses  eould  work  with  the  greatest  effect  for 
drawing  carriages  at  rapid  rates.  As  a  notable  instance 
of  the  wonderful  improvements  that  were  effoctod  by  Tel- 
ford's engineering  BkiH  applied  to  the  laying  out  of  new 
roads^  an  old  road  in  Anglesea  rose  and  fell  between  its 
extremities^  24  miles  apart,  through  a  total  vertical  height 
of  i3,540  ft. ;  ^^  liiibt  a  new  road,  laid  out  by  Mr.  Telford 
between  the  same  points,  rose  and  fell  only  2,257  ft.,  or 
1,283  ft.  less  than  the  undulations  of  the  old  road,  whilst 
the  new  road  was  more  than  2  miles  shorter. 

TLo  road  was  formed  by  a  substratum,  or  rough  hand- 
set pavement,  of  large  stones  q&  a  foundation,  with  suffi- 
cient interstices  between  the  stones  for  drainage.  The 
materials  laid  on  this  foundation  were,  like  Macadam's 
materials,  hard  and  angular,  broken  into  small  pieces,  de- 
creasing in  size  towards  the  top,  where  they  formed  a  fine 
hard  surface,  whereon  the  carriage  wheek  could  run  with 
but  little  resistance.  Telford's  system  was  afterwards 
studied  by  his  assistant,  Mr.  (afterwards  Sir  John)  MacneO. 

The  pressure  of  public  opinion,  acting  through  more 
than  a  century,  has  resulted  in  a  network  of  fully  160,000 
miles  of  good  carriageable  roads  in  the  United  King- 
dom,  according  to  the  following  data  supplied  by  Mr. 
Viguolus : — * 

Zenffth  of  Mcf ailed  Roads  in  1868-69. 

Length  of  Iload.        Area.  Topulation. 
Hilea.         Square  milM.  Numbers. 

United  Kingdom  .  160,000  122,619  30,621,431 

Franco       .  .  100,048  210,460  38.192,064 

Prussia       .  .  65,818  130, 67o  23,970,641 

Spain        •  .  10,886  198,061  ld,673,i81 

The  rolling  of  Macadam  or  brclcen-stone  roads,  though 

*  Address  of  tho  rresidont  of  ibe  Iu»UtuUoa  of  Civil  Eogiuoeni 
January  llth,  1870. 
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it  seems  to  have  been  Erst  applied  in  1830,  appears  to 
have  been  but  impeifeoUy  appreciated  in  England  nntil 
about  the  year  1843,  when,  aceording;  to  Mr.  F.  A.  Pai^^^t  , 
llio  first  published  reconimendutiou  in  the  English  lan- 
guage of  horse  road-rolling,  as  a  measure  of  eoonomji  was 
issued  hj  Sir  John  Burgoyne.*  Boad-rolling  is  now  very 
generally  practised,  by  horse-power  or  by  steam-power,  f 

The  first  Act  for  paving  and  improving  the  City  of 
London  was  passed  in  1532.  The  streets  were  described, 
in  this  simply-worded  statute,  as  ''vexy  foul,  and  full  of 
pits  and  sloughs,  so  as  to  be  mighty  perillous  and  noyous, 
as  well  for  all  the  king's  subjects  on  horseback,  as  on  foot 
with  carriages  "  (litters). 

Previously  to  the  introduction  of  the  tumpike*road 
system,  the  streets  of  the  metropolis  and  other  large  towns 
w  ore  paved  with  rounded  boulders,  or  largo  irregular 
pebbles^  imported  from  the  sea-shore.  They  usually  stood 
tram  6  to  9  inehes  in  depth  for  the  carriage-way,  and  about 
3  inches  deep  for  the  footpaths.  Such  a  road  could  not  be 
made  with  a  very  even  sui'face ;  the  joints  were  nccos- 
sarily  very  wide,  and  afforded  receptacles  for  illth.  The 
irregularity  of  the  bases  of  the  stones  caused  a  difficulty 
in  securing  a  solid  and  equal  support;  and,  under  the 
traffic,  ruts  and  hollows  were  speedily  lurmcd.  The  Louklor 
pavement  was  succeeded  by  a  pavement  composed  of 
blocks  of  stone  which,  though  ordinarily  of  tolerably 
good  quality,  and  measuring  6  or  8  indies  across  the  sur- 
face, were  so  irregular  in  shape  that  even  tiieir  surfaces 
did  not  £t  together.   They  formed  a  rubble  causeway, 

*  See  a  paper  by  Sir  John  Burgoyne  *'0n  lioUmg  now-made 
KoadB,"  in  the  Appendix. 

t  The  history  of  Ilorso  Koad-Kolling  and  of  Steam  lioad-Ii oiling,  is 
pjiven  Ly  Mr.  Frederick  A.  Paget  in  his  iciiUuc  tive  **Rn|)un  on  the 
Economy  of  Head  Maintenance  and  Ilorae-dniuglit  tlirongli  Steam 
lload- rolling ;  v,  ii]i  Special  ItL'fercnce  to  tlio  MuUopolLs,  iii?U." 
Addressed  to  thu  Alt-UupoIiUui  liuaid  ui  W  urks. 
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in  which  the  stoneB  were  but  slightly  hommer-dreasod. 
Wide  joints  were  made;  and  far  &om  being  dressed 
square  down  from  the  surface,  they  most  frequently  only 

came  into  contact  near  the  upper  edges;  and,  tapering 
downwardS;  Uieir  lower  ends  ^\  ure  narrow  and  irregular^ 
leaving  an  insuiEcient  area  of  flat  base  to  support  weiglit. 
With  such  irregular  forms,  considerable  spaces  were  un- 
avoidably left  between  the  stones,  which  were  filled  by 
tlie  paviours  with  loose  mould,  sand,  or  other  soft  material, 
of  which  the  bed  or  subsoil  was  composed.  Another  great 
defidencj  in  the  construction  of  the  pavement,  was  caused 
by  inattention  to  the  selection  and  arrangement  of  the 
stones  according  to  size — large  and  small  Btunes  were 
placed  alongside  of  each  other,  and,  as  they  acted  un* 
equally  in  their  resistance  to  pressure,  they  created  a  con- 
tinual jolting  in  wheel-carriages,  and,  adding  percossiye 
action  to  pressure,  became  powerful  destructive  agents. 
Again,  the  bed  on  which  the  stones  were  placed,  being 
loose  matter,  for  the  most  part,  was  easily  oonyerted  into 
mud  when  water  sank  through  between.  It  was  unavoid- 
ably loosened  by  the  paviuur's  tool,  to  suit  the  varying 
depths  and  narrow  bottoms  of  the  stones,  and  to  fill  up 
the  chasms  between  the  stones.  The  mud  was  worked  up 
to  the  surface,  and  the  stones  were  lefb  unsupported.  In 
consequence  of  these  defects,  the  surface  of  the  pavement 
soon  became  very  uneven,  and  not  uufrequently  sunk  so 
much  as  to  form  hollows,  which  rendered  it  not  only 
incommodious  but  dangerous  to  horses  and  carriages. 

Such  was  the  system  of  pavement  met  with  in  London 
fifty  years  ago.  Mr.  Telford,  in  1824,  clearly  pointed  out 
the  deficiencies  of  the  system ;  and  in  his  Import  (referred 
to  in  the  foot*note)*  he  recommended  first,  a  bottoming, 

•  See  ^fr.  Telford's  "  Report  respecting  the  Street  Favemont^  Ac*, 
of  the  Tarish  of  St.  George's,  Hanover  Square,"  printed  igk  Sir  H6lliy 
RttneU's   TreaUaa  on  Brndi,"  p.  348,  2od  WiUiou 
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OT  fbimdatioiiy  of  broken  stones,  12  inches  deep  ;  second, 
rectangular  paving-stoues  of  granite,  worked  flat  on  the 
ffu^e,  Btraigkt  and  square  on  all  the  aides,  so  as  to  joint 
dose,  with  a  base  equal  to  the  faoe,  fonning,  in  fad,  an 
ashlar  causeway.  The  dimensions  of  the  stones  were 
recommended  to  be  as  follows : — 


Stones  of  such  dimensions  as  those  recommended  by 
Telford,  frequently  having  a  depth  of  12  inches,  have 
been  generally  employed  in  street -paWng.  In  some 
instances,  they  have  been  laid  on  concrete,  with  the  joints 
grouted  with  lime  and  sand,  to  insure  a  great  degree  of 
stability.  They  have  been  proved  to  possess  great  dura- 
bility— of  which  many  instances  will  be  adduced-^but 
th^  have  been,  for  several  reasons,  generally  abandoned 
in  favour  of  narrower  paving-stoiies,  3  or  4  inches  in 
width,  though  many  secondary  streets  in  London  and  else- 
where, remain,  at  this  day,  paved  with  6-inch  stones. 

Macadam's  system  was  introduced  in  some  streets  where 
the  trailLc  was  light,  but  it  did  not  eq^ual  the  granite 
paving. 

Pavements  formed  of  blocks  of  wood  appear  to  have 


been  first  employed  in  Bussia,  where,  according  to  the 

testimony  of  Baron  do  liode,*  it  lias  been,  thougli  rudely 
fashioned,  used  for  some  hundreds  of  years.  After  long 
and  repeated  trials  of  various  mod^s  of  construction,  wood 
pavement  consisted,  according  to  the  approved  method,  of 
hexag-Qiud  blocks  of  iir  wood,  G  incheB  across  and  7  inches 
deep,  planted,  with  the  fibre  vertical,  close  to  each 
other,  on  a  sound  and  level  bottom;  a  boiling  mixture  of 
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•    Wood  Payematity"  by  A.  B.  Blackie^  1842. 
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piteh  and  tar  was  ponied  over  them,  and  a  small  quantity 
df  river  sand  was  strewed  over  the  tar.    "  The  fabrication 

of  thcso  blocks/'  wrote  Baron  de  Lode,  "is  extremely 
simple  and  expeditious.  It  is  accomplished  by  fastening 
mx  strong  blades  into  a  strong  bottom  of  cast-iron^  and 
pressing  the  ready-cut  pieces  of  wood  through  these  six 
blades  by  means  of  a  common  or  hydraulic  press.  The 
bottom  of  the  press  being  open,  these  cut  blocks  drop  on 
the  floor,  completely  formed  for  immediate  use.  Bed  fir 
is  considered  the  best ;  but  none  of  it  must  be  used  when 
it  has  blue  stripes  on  its  edges,  as  that  is  a  proof  that  it 
is  in  a  state  of  decay.  The  blocks  must  be  perfectly  dried 
before  they  are  used,  and  squeezed  as  dose  together  as 
possible  between  the  abutments,  one  on  each  side  of  the 
street  or  road,  so  as  to  keep  the  pavement  from  moving." 
In  Norway,  Sweden,  Denmark,  and  Iceland,  wood  was,  at 
the  time  of  Mr.  Blackie's  ^Titing,  and  it  may  be  now,  in 
general  use  for  the  pavement  of  streets  and  highways. 

In  the  United  States,  likewise,  wood  pavement  was  laid 
down  experimentally — ^in  Now  York  in  1835-6,  and  about 
the  same  time  in  Philadelphia.  In  New  York,  it  was  laid 
in  three  diflorent  forms.    A  huiulred  yards  was  laid  in 

Broadway,  consisting  of  hexagonal 
blocks  of  pitch-pine,  6  inches  across, 
and  8  inches  deep.  No  pitch  or  tar 
111™  was  api»lied  to  this  pavement :  it  wae^ 

flit'  I  Pi  A"      simply  btrewed  occasionally  with  gravel 

or  sand  for  a  month  after  it  was  laid. 
Yte.  fi.  -^tead'8^ooa  I*  ^^d  lain  for  two  years,  according  to 
LiocJ."^**'  report,  without  having  required  any 
repair  j  though  it  appears  that  very  few  carts  passing  over 
it  carried  more  than  half  a  ton  of  load,  of  which  the  widest 
wheel  did  not  exceed  three  inches  in  width.  An  equal 
length  of  pavement  was  laid  in  William  Street,  a  minor 
thoroughiaro;  in  the  end  of  1830  j  the  pavement  consisted 
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of  6-incli  square  blocks  of  pino,  12  inches  deep.  Tlie 
third  Bpecimon  was  laid  in  Mill  Street,  in  tlio  uiiddlo  of 
1837,  oonsisting  of  tke  same  size  and  kind  of  blocks  as 
those  laid  in  William  Street^  on  a  fonndation  of  sand 
beat  down  very  hard.  It  is  stated  in  Mr.  Blackie's 
pamphlet  that  the  pavement  of  square  blocks  was  laid  on 
boards— probably  in  William  Street. 

Mr.  David  Stead  was  the  first  oonstmctor  of  wood 
payement  in  England.  He  patented  his  system  in  May, 
1838  : — consisting  of  hexagonal  blocks  of  Scotch  fir  or 
Norway  fir,  from  6  to  8  inches  acrosSi  and  irom  3^  to 
6  inches  deep,  according  to  the  traffic  of  the  thoroughfjare  in 
which  they  were  to  be  laid.  Each  block  was  of  the  form 
shown  in  Fig.  5,  chamfered  at  the  upper  edges.  The 
ground  having  been  well  beaten  and  levelled,  it  was 
covered  with  three  inches  of  grayed  upon  which  the 
blocks  were  placed,  and  which  was  designed  to  carry 
away  the  water  which  might  penetrate  below  the  surface. 
The  payementy  when  completed,  looked  substantial,  and 
presented  the  appearance  shown  in  Eig.  6.  When  the 
blocks  were  grooved  across,  they  appeared  together  as  in 
Fig.  7.  Mr.  Stead's  j^avement  was, 
in  several  instances,  laid  on  a  bed 
of  concrete.  In  Manchester,  where 
it  was  thus  laid,  in  front  of  the 
Royal  Infirmary,  the  concrete  bed 
was  three  inches  deep,  and  was 
composed  of  three  parts  of  small 
broken  stones,  f  inch  in  diameter, 
flushed  with  Ardwick  lime   and  Stead's  Wood  PfcTemmt,  1888. 

X^man  cement.  The  lime  was  mixed  with  sand  in  the 
proportion  of  one  to  two;  and  the  cement  as  one  to 
twenty.  The  concrete  was  laid  upon  a  hardi  well-beaten 

clay  substratum. 
Mr.  Stead  also  laid  j^ayeiu&iits  e^^perimentaUji  consist- 
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ing  of  Tontid  blocks  of  wood — secHons  of  trees — placed 

vertically,  and  laid  together  as  in  Fig.  8.    The  interspaces 
were  filled  with  sifted  gravel  or  sharp  sand. 

The  first  example  of  wood-paving 
in  London,  was  laid  in  the  Old 
Bailey,  in  1839,  on  Stead's  system. 
It  was  laid  haphazard  on  the  bed 
of  the  roadwaj.  The  pavement  did 
not  wear  well ;  the  blocks  settled 
down  irregularly  in  the  unprepared 
imooLittm.  foundation.  At  the  end  of  three 
years  and  two  months,  in  1842,  the  pavement  was  Ufted, 
and  removed  to  pave  the  yard  of  tlie  Sessions  IIouso ; 
there  it  decayed,  and  a  large  crop  of  fungi  appeared  in  the  I 
places  hot  touched  by  the  traffic.  I 

Mr.  Stead's  system  of  wood  paving 
was  laid  in  several  other  localities  in 
London  about  the  same  time  as  the 
piece  which  was  laid  in  the  Old 
Bailey,  and  also  in  Woolwich  Dock* 
yard.  It  was  laid  also  in  Salford, 
Liverpool,  and  Leeds. 

Shortly  after  Mr.  Stead's  attempt, 
during  the  period  from  1840  to  1843, 
seven  other  wood  pavements,  of  various  design,  were  laid 
in  the  City ;  but  they  did  not  last,  for  tlie  most  part,  more 

than  three  or  fonr  years.     One  of 
these  was  the  invention  of  the  Count 
de  Lisle,  patented  in  the  name  of 
^^J^^^l^^^^  Hodgson,  in  December,  1839 ;  the  in- 
Pig  9.-De  usie  8  Wood  vsution  wss  acquirod  by  the  Metro- 
**'buSs;i^"*'*'    politan  Wood  Tavement  Company. 
The  formation  of  the  blocks  was  called  the  *'Stereotomy 
of  the  Cube."  The  upper  and  imdeir  suxfooes  of  the  blocks^ 
rig.  9,  are  cut  diagonally  to  the  direction  of  the  graiS| 
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Hg.  10    Do  Lisle's  Wood 
I'uvemeiit,  ISiO. 


foiming  p«raUelopipedB|  which  are  placed  alternately  in 
reversed  positions,  and  when  put  together  piHHient  a  pnvp- 

ment  liaviug  the  aj^pearanco  of 
Fig.  10.  In  each  block,  two  holes 
are  cut  on  each  side  to  leeeiye 
dowels  or  trenails,  designed  to 
lock  the  blocks  together. 

Mr.  Carey's  wood  pavement, 
patented  in  1839^  was  one  of  the 
earliest  pavements  that  were  tried, 
and  it  proved  to  be  the  best  at 
the  time.  It  was  first  laid  in  the  City,  in  the  Poultry, 
in  1841,  where  it  lasted  six  years ;  and  it  was  shortly 
afterwards  laid  in  many  other  streets.  It  consisted  of 
blocks  of  wood  6  or  7  inches  wide,  from  12  to  14 
inches  in  length,  and  8  inches  deep,  shown  in  aide 
elevation^  Eig.  11.  The  four-sided  blocks  of  wood 
were  of  wedge-form,  in  and  out,  sidewiso  and  endwise 
vertically,  so  as  to  form  aaliont  and  re-entering  uiiglts, 
and  to  interlock  on  all  the  four  sides,  each  block  with  its 
neighbour,  when  laid.  It  was  anticipated  tiiat,  by  this 
arrangement,  each  block  would  receive  support  from  its 
neighbours,  and  would  be  prevented  from  shifting  or 
settling  from  its  position,  since  the  pressure  of  the  load 
tibat  was  to  come  upon  each  block  in  succession  would  be 
distributed  and  dispersed  over 
the  neighbouring  blocks.  Later 
exgmiBace  has  demonstrated 
two  things : — ^that  lateral  sup- 
port of  this  kind  was  not  re- 
quired; and  that,  following  the  experience  of  stone-set 
paving,  the  wood  blocks  of  narrower  dimensions  answered 
better,  and,  with  suitable  interspaceSi  afforded  the  necessary 

foothold  for  horses. 

Asphalte,  a  natural,  brittle  compound  of  bitiunen  and 

o 
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Fig.  11     Carey's  Wodd  ravem«nt. 
Vertical  Bectiou,  1839. 
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limestone,  found  in  volcanic  districts,  waa  introduced  from 
France,  for  foot-pavements,  in  1836.  It  has,  siaco  that 
time,  been  extensivelj  employed  in  the  City  of  London  for 
the  pavements  of  oarriage-ways. 

In  Vruiico,  the  art  of  the  construction  of  roads,  a  hundred 
years  ago,  was  far  in  advance  of  English  practice.  Pre- 
viously to  1775,  the  causeway  was  generally  18  feet  wide» 
with  a  depth  of  18  inches  at  the  middle  and  12  inches  at 
tlie  sides,  according  to  the  proEle,  Fig.  12.  Stones  were  laid 


Fig.  19.— fleetfonof  IVeiiehBoadi.  Frvrioiu  to  177S. 


flat,  by  hand,  in  two  or  more  layers,  on  the  bottom  of  the 

excavation ;  on  this  foundation,  a  layer  of  small  stones  was 

placed  and  beaten  down,  and  the  surface  of  the  road  was 

lurrned  and  completed  with  a  finishing  coat  of  stones  broken 

smaller  than  those  immediately  beneath.    As  the  roads 

were,  down  to  the  year  1764,  maintained  by  statute  labour, 

with  which  the  reparations  could  only  be  conducted  in  the 

spring  and  the  autumn  of  each  year,  it  was  necessary  to 

make  the  thickness  of  the  roads  as  much  as  18  inches,  that 

they  might  endure  during  the  intervals  between  repairs. 

With  less  depth,  they  would  have  been  cut  through  and 

totally  dustroyed  by  the  deep  ruts  which  were  formed  in 
six  months. 

The  suppression  of  statute  labour  {la  corvh),  in  1764, 
was  the  occasion  of  a  reformation  in  the  design  of  cause- 

wa3"s,  whereby  the  depth  was  reduced  to  such  dimensions 
as  were  simply  strong  enough  for  resisting  the  weight  of 
the  heaviest  vehicles.  The  depth  was  reduced  to  a  uniform 
dimension  of  9  or  10  inches  from  side  to  side,  and  the  cost 
was  diminished  more  than  one  half.  Writing  in  1775, 
M.  Tresaguet,  engineer-in-chief  of  the  generality  of  Li- 
mogesy  stated  that  roads  constructed  on  the  improved  plan 
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hustediax  ten  yean,  under  a  sysiem  of  constant  maintenance, 
and  that  they  were  in  as  good  condition  as  wHen  first  con- 

fitructed.  The  section  of  thuso  roads,  as  eloljoratod  by  M. 
Tresaguet,  is  shown  in  Fig.  13.  Tiio  ionu  of  tlie  bottom  is 


a  parallel  to  the  surface,  at  a  depth  of  10  indiee  below  it. 

Large  boulder  stones  are  laid  at  each  side.  The  first  bed 
consisted  of  rubble  stones  laid  compactly  edgewise,  and 
beaten  to  an  even  surfiAce.  A  second  bed,  of  smaller  stones^ 
was  laid  by  hand  upon  the  first  bed.  Finally,  the  finishing 
layer,  of  small  broken  stones,  broken  by  luiiid  to  the  size  of 
walnuts^  was  spread  with  a  shovel.  Great  care  was  taken 
in  the  selection  of  stone  of  the  hardest  qualify  for  the 
upper  surflnce.  The  rise  of  the  causeway  was  6  inches  in 
tbe  width  of  18  feet,  or  1  in  36. 

Tresaguet's  method,  here  illustrated,  was  generally 
adopted  by  French  engineers  in  the  beginning  of  the 
present  century ;  although,  on  soft  groimd,  they  placed  a 
layer  of  flat  stones  on  their  sides  under  the  rubble  work. 
In  this  case,  the  thickness  was  brought  up  to  20  inches. 
The  rise  of  the  causeway  was  as  much  as  l-26th,  and 
often  equal  to  U20th  of  the  width. 

But,  if  the  design  was  good,  the  maintenance  was  bad. 
Large  and  unbroken  stones  were  thrown  into  the  holes  and 
ruts,  and  neither  mud  nor  dust  was  remored*  About  the 
year  1820,  the  system  of  Mr.  Macadam  attracted  some 
attention  in  France ;  and  the  peculiar  virtue  of  angular 
broken  stone  in  closing  and  consolidating  the  surface  was 
recognised.  About  the  year  XSdO,  it  is  said,  the  system  of 
Macadam  was  officially  adopted  in  France  for  the  con- 
structinn  of  roads ;  and  M.  Dumas,  engineer-in-chief  of 
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the  Ponta  et  Ohauss^eSy  writing  in  1843,*  stated  thai  the 
system  of  Macadam  was  generally  adopted  in  IVanoe,  and 

that  tlio  roads  were  maintained,  by  continuous  and  watih- 
ful  attention  in  cleansing  the  roads  and  with  constant 
repair^  in  good  condition — realising  his  motto|  Ihe  maxi- 
mum of  beauty.''  But  the  employment  of  rollers  for  the 
preliminary  consolidation  and  finishing  of  tlio  road,  has 
been  an  essential  feature  in  their  construction  and  tlicir 
maintenance ;  for  it  has  long  been  held  in  France  that  a 
road  unrolled  is  only  half  finished.  It  appears,  according 
to  Mr.  1\  A.  Pagt't,  that  the  liorse-rollcr  was  introduced 
in  Prance  in  1833.  At  ali  events,  in  1834,  M.  Polonceau, 
atruck  by  the  yidonsness  of  the  mode  of  aggregating  or 
rolling  the  material  of  the  road  by  the  action  of  wheels, 
proposed,  in  tlie  first  place,  to  consolidate  tlio  bottom  by 
a  6-tpn  roller,  and  to  roll  the  material  in  successive  layers 
eonsecutively,  and  thus  to  complete  in  a  few  hours  what 
might,  in  tiie  ordinary  course  of  wheel -rolling,  require 
many  munths  to  perform. 

•  '*Aiiii»l«t dot  roats St  Ohsimfioa;'  IM;  tosM^ psgt  i4S, 
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CHAPTER  L 
EXPLORATIOK  OF  BOAD& 

This  part  of  the  work  is  oonftned  to  the  art  of  oonstmoting 

common  roads,  in  situations  u  liere  none  previously  existed, 
and  to  the  repair  of  those  already  made.  Before  entering 
into  the  details  of  their  oonstruotiony  it  is  desirable  to  go 
into  the  subject  of  the  ea^kratim  of  roads,  or  the  manner 
in  which  a  person  should  proceed  in  exploring  a  tract  of 
country,  for  the  purpose  of  determining  the  best  course  for 
a  roadi  and  the  principles  which  ^ould  guide  him  in  his 
final  selection  of  the  same. 

Suppose  that  it  is  desired  to  form  a  road  between  two 
distant  towns^  ▲  and    Fig.  14,  and  for  the  present  neglect 
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altogetiier  the  consideration  of  the  physical  features  of  the 
interyening  countxj ;  assuming  that  it  is  equaily  faTOur* 
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able,  vrliateYer  line  is  selected.  Now,  at  £rst  sight,  it 
would  appear  that»  under  such  Gircumstances,  a  perfeotiiy 
Btraight  line  drawn  from  one  town  to  the  other,  would  bo 
the  best  that  could  bo  cliosen.  But  on  a  more  careful 
examination  of  the  locality,  it  may  be  found  that  there  is 
a  third  town,  o,  situated  somewhat  on  one  side  of  the 
straight  line  drawn  from  a  to  b;  and,  although  the 
primary  object  is  to  coutk  <  t  the  two  latter,  it  may,  nevor- 
theless,  be  considerably  bettor  if  the  whole  of  the  tliree 
towns  were  put  into  mutual  connection  with  each  other. 
Now  this  may  be  effected  in  three  different  ways ;  any  one 
of  which  might,  under  certain  circumstances,  be  the  best. 
In  the  hrst  place,  a  straight  road  might,  as  originally  sug- 
gested, be  formed  from  ▲  to  B,  and,  in  a  similar  manner, 
two  other  straight  roads  from  ▲  to  o,  and  from  b  to  c.  This 
would  be  the  most  perfect  way  of  effecting  the  object  in 
view,  the  distance  between  any  two  of  the  towns  being 
reduced  to  the  least  possible  length.  It  would,  however, 
be  attended  with  considerable  expense,  and  it  would  be 
requimte  to  construct  a  much  greater  length  of  road  than 
according  to  the  second  plan,  which  w  ould  be  to  form,  as 
before,  a  straight  road  from  a  to  b,  and  from  c  to  construct 
a  road  which  should  join  the  former  at  a  point  b,  so  aa  to 
be  perpendicular  to  it ;  the  traffic  between  a  or  B  and  o, 
would  proceed  to  the  point  d,  and  then  turn  off  to  0.  By 
this  axrangement,  while  the  length  of  the  roads  would  be 
yeiy  materially  decreased,  only  a  slight  increase  would  be 
occasioned  in  the  distance  between  o  and  the  other  two 
towns.  The  third  metliod  would  be  to  form  only  the  two 
roads  a  c  and  o  b.  In  this  case,  the  distance  between  A  and 
B  would  be  somewhat  increased,  while  that  between  ▲  and 
0,  or  B  and  c,  would  be  diminished ;  the  total  length  of 
road  to  1)0  (  (jiL-^tructed  would  also  be  lessened. 

As  a  general  rule,  it  may  be  taken  that  the  last  of  these 
methoda  ia  the  bes^  and  most  conyenient  for  the  public ; 
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that  is  to  say,  if  the  pnysical  character  of  the  ooiintry 

docs  not  detcmiine  tho  course  of  the  road,  it  will  p^f^iicrally 
bo  foand  best  not  to  adopt  a  perfectly  straight  line,  but  to 
Taiy  the  line  so  as  to  pass  through  the  principal  towns 
near  its  general  course.  The  public  may  thus  be  con- 
voyed from  town  to  town  witli  greater  faeility  and  less 
expense  than  if  the  straight  line  wore  adopted,  and  tlie 
towns  were  to  communicate  with  it  by  means  of  branch 
roads.  On  the  first  system,  vehicles  established  to  convey 
passengers  or  goods  between  the  two  terminal  towns, 
would  pass  through  all  those  wliich  were  intermediate; 
whilst,  if  the  straight  line  and  branch-road  system  were 
adopted,  a  system  of  branch  coaches  would  be  required 
for  meeting  the  coaches  on  the  main  lino. 

In  laying  out  a  road  in  an  old  countiy,  in  which  the 
position  of  the  several  towns,  or  other  centres  of  industry; 
requiring  road  accommodation,  is  already  determined, 
there  is  less  liberty  for  the  selection  of  the  line  of  road 
than  in  a  new  country,  where  the  only  object  is  to  establish 
the  easiest  and  best  road  between  two  distant  stations*  In 
the  first  case,  the  positions  of  the  towns,  and  other  in- 
habited districts  situated  near  the  intended  road,  are  to  be 
taken  into  cousuleration,  and  the  course  of  the  road  may, 
to  a  certain  extent,  be  controlled  thereby ;  whilst^  in  the 
second  case,  the  physical  character  of  the  country  would 
alone  be  investigated,  and  it  alone  would  constitute  the 
basis  for  the  selection  of  a  new  route. 

Whichever  of  these  two  cases  may  be  dealt  with,  in  the 
selection  and  adoption  of  the  line  of  road  between  two 
points,  a  carefbl  examination  of  the  physical  character  of 
the  country  should  be  made,  and  tlio  line  of  the  route 
determined  in  accordance  with  physical  conditions. 

One  of  the  first  points  which  attract  notice  in  making  an 
examination  of  an  ordinary  tract  of  country,  is  the  uneven- 
ness  or  undulation  of  its  surface ;  but  if  the  observatiou  be 
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extended  a  little  further,  one  general  principle  of  oon- 
foimation  is  perceived  oven  in  the  most  irregular  countries. 
The  oountry  is  intersected  in  yarious  directions  by  rivers, 
increasing  in  size  «^  they  approach  thmr  point  of  dis* 
cliargo  ;  towards  tlieso  inain  rivers,  lesser  rivers  approach 
on  both  sides,  running  right  and  left  through  the  country ; 
and  into  these,  again,  enter  still  smaller  streams  and 
brooks.  Furthermore,  the  ground  falls  in  every  direction 
towainlb  tlic  natural  \\  atorcuurses,  forming  ridges,  more 
or  less  elevated,  running  between  them,  and  separating 
from  each  other  the  districts  drained  by  the  streams. 

It  is  the  first  business  of  a  person,  engaged  In  laying 
out  a  Kiie  of  load,  to  make  liimself  thorouglily  acquainted 
with  the  features  of  the  country ;  he  should  possess  him- 
self of  a  plan  or  map,  showing  accurately  the  course  of  all 
the  rivers  and  principal  watercourses,  and  upon  this  he 
should  fia  tliBr  mark  the  lines  of  greatest  elevation,  or  the 
ridges  separating  the  several  valleys  through  which  they 
flow.  It  is  also  of  peculiar  sendee  when  the  plan  containa 
contour  lines  showing  the  comparative  levels  of  any  two 
points,  and  the  rates  of  declivity  of  every  portion  of  the 
country's  surface.  The  system  of  showing  upon  plans  the 
levels  of  the  ground  by  means  of  eatUtmr-iinM,  is  one  of 
much  utility,  not  only  in  the  selection  of  roads  and  other 
lines  of  commuiiication,  l)ut  uIbo  for  settling  the  lines  of 
the  drainage  of  towns,  as  well  as  of  their  water-supply, 
and  of  the  drainage  and  irrigation  of  lands,  and  for  many 
other  purposes.  A  contour-plan  of  the  City  of  London  * 
(Fig.  15)  illustrates  the  application  of  the  system  of  con- 
tour levels.  It  will  be  observed  that,  upon  this  plan,  there 
are  a  number  of  fine  lines  traversing  its  surface  in  various 
directions,  and,  where  they  approach  the  borders  of  the 
map,  having  figures  written  against  them :  these  lines  are 

*  ThU  plan  ia  ttken  from  a  Beport  on  the  Health  el  Towns,  and 
ia  mode  from  lavab  (akaa  from  Mr.  Botlor  Williama. 


Digitized  by  Google 


26 


EXPLOKAllON  OF  ROABfl. 


termed  contour -lines,  and  they  denote  tliat  the  level  of  the 
ground  is  identical  throughout  the  whole  of  their  course : 
that  is  to  oay^  that  ererj  part  of  the  ground  over  whi(^  the 
lino  passes,  is  at  a  certain  height  above  a  known  fixed 
point,  the  height  being  indicated  by  the  figures  written 
against  the  line.  At  the  point  a,  for  example,  in  Smithfield 
Market,  a  line  with  the  figures  57  is  attached,  which  indi- 
cates that  the  ^onnd  at  that  spot  is  57  feet  above  some 
point  to  which  all  the  levels  are  referred.  If  the  course  of 
the  line  be  traced,  it  is  found  that  it  cuts  Newgate  Street 
at  the  point  b,  passes  thenco  to  the  bottom  of  Paternoster 
Bow  at  the  point  i,  through  St.  Paui  s  Churchyard  at  c,  to 
Cheapside  at  d.  It  then  curres  round  towards  the  point 
from  which  it  first  started,  and  crosses  Aldersgate  Street 
twice,  at  e  and  f  ;  and,  after  intersecting  Fore  Street, 
Cripplegate,  in  the  point  o,  it  again  meets  the  boundary 
of  the  City  at  h.  It  is  thus  shown  that,  tracing  the 
course  of  this  line,  each  of  those  points  stands  at  the  same 
height,  namely,  -37  liM't  above  a  crrtuin  fixed  point,  termed 
the  datum.  This  point  is,  in  the  present  instance,  10  feet 
below  the  top  of  the  cap-stone  at  the  foot  of  the  step,  on  the 
east  side  of  old  Blackfriars  Bridge.  Each  interval  between 
the  lines  in  l  ig.  8,  indicates  a  difference  of  level  of  18 
inches ;  and  by  counting  the  number  of  these  lines  which 
intersect  a  street  or  road  within  any  given  distance,  the 
rise  or  fall  in  the  street  is  at  once  ascertained  by  simple 
multiplication.  Thus,  looking  at  the  lino  of  Bishopsgate 
Street,  near  the  nortli  end,  the  contour-line  45  is  seen,  in- 
dicating that  that  point  in  the  street  is  45  feet  above  the 
datnm,  and  nine  lines  are  found  intersecting  the  street 
between  that  point  and  the  top  of  Comhill.  It  is  calcu- 
lated, therefore,  that  this  point  is  (1*5  X  9  =:)  13*5  feet 
above  the  other  end  of  the  street,  or  58*5  feet  above  the 
datum.  The  rate  of  inclination  of  the  ground  may  also  be 
estimated  by  the  relative  proximity  or  distance  apart  of 
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these  lines.  Thus,  on  the  northeru  side  of  the  City,  where 
the  ground  is  comparatiyely  level,  the  Unes  are  far  apart  f 
whereas,  on  the  side  next  the  Thames,  and  again  on  each 

side  of  the  lino  of  Farrin<^don  Street,  wliieli  marks  the 
course  of  the  valley  of  the  old  river  Fleet,  where  the  sur- 
&e6  is  very  hilly,  the  contour  lines  lie  close  together. 

The  plan,  Fig.  16^  shows  an  imaginary  tract  of  country, 
to  Uhistrato  moro  clearly  the  mode  of  showing  hy  means 
of  coiitoiir-lines,  the  physical  features  of  a  country.  The 
hatched  line,  b  f  o  h  i,  is  supposed  to  bo  an  elevated  ridge, 
encircling  the  valley  shown  in  the  plan;  the  fine  black 
lines  are  contour-lines,  indicating  that  the  ground  over 
which  they  pass  is  at  the  altitude  above  some  known 
mark  expressed  by  the  figures  written  against  ihem  in  the 
margin.  It  will  be  observed  that  these  lines,  by  their 
greater  or  less  distance,  have  the  eifect  of  shading,  and 
make  apparent  to  the  eye,  the  undulations  and  irregu- 
larities in  the  surface  of  the  country. 

In  laying  out  a  line  of  road,  there  are  three  cases  which 
may  have  to  be  treated,  and  each  of  these  is  exemplified  in 
the  plan.  Fig*  16.  First,  the  two  places  to  be  connected,  as 
the  towns  a  ood  b  on  the  plan,  may  be  both  situated  in  the 
same  valley,  and  upon  the  same  side  of  it ;  that  is,  that 
they  are  not  separated  from  each  other  by  the  main  stream 
which  drains  the  valley.  This  is  the  simplest  case.  Secondly, 
although  both  in  the  same  valley,  the  two  places  may  be 
on  the  opposite  sides  of  the  valley,  as  at  a  and  c,  being 
separated  by  the  main  river.  Thirdly,  they  may  be  situ- 
ated in  different  valleys,  separated  by  an  intervening  ridge 
of  ground  more  or  less  elevated,  as  at  a  and  D.  In  laying 
out  an  extensive  line  of  road,  it  fi  etj[ucntly  happens  that  all 
these  cases  have  to  be  dealt  with:  freq^uently,  perhaps, 
during  its  course. 

The  most  perfect  road  is  that  of  which  the  course  is 
perfectly  straight,  and  the  surface  perfectly  level ;  and,  all 
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othfiir  ihiiiga  beiug  the  same,  tkat  is  the  best  road  which 
answers  nearest  to  this  desoriptioii. 
Now,  in  the  first  case : — ^That  of  the  two  towns  situated 

on  the  samo  side  of  the  main  vaUoy,  there  are  two  methods 
which  may  be  pursued  in  forming  a  communication  be* 
tween  them.  A  road  following  the  direct  line  between 
them,  shown  by  the  thick  dotted  line  ab  maybe  made ;  or, 
a  line  may  be  adopted  which  should  gradually  and  equally 
incline  :&om  one  town  to  the  other,  supposing  them  to  be 
at  different  leyels,  or  which  should  keep,  if  they  are  on  the 
same  level,  at  Hiat  level  throughout  its  entire  course,  fol- 
lowing all  the  sinuosities  and  curves  wliich  the  irregular 
furuiation  of  the  oouiitrj  might  render  necessary  for  the 
fulfilment  of  these  conditions.  According  to  the  first 
method,  a  level  or  a  uniformly-indined  road  might  be  made 
from  one  to  tlie  other,  forming  embankments  and  cuttings 
where  necessary ;  or  these  expensive  works  might  be 
avoided,  and  the  surface  of  the  road  made  to  conform  to 
that  of  the  country.  Now,  of  all  Hiese,  the  best  is  the 
straight  and  uniformly -inclined,  or  the  level  road,  although 
at  th  e  same  time  it  is  the  most  expensive.  If  the  importance 
of  the  traffic  passing  between  the  places  is  not  suffi- 
cient to  warrant  so  great  an  outlay,  it  will  become  a  matter 
of  consideratiun  whether  the  coui'so  of  the  road  should  be 
kept  straight,  its  surface  being  made  to  undulate  with  the 
natural  face  of  tiie  country;  or  whether,  a  level  or  equally- 
inclined  line  being  adopted,  the  course  of  the  road  should 
be  made  to  deviate  from  the  direct  line,  and  follow  the 
•winding  course  which  such  a  condition  is  supposed  to 
necessitate. 

In  the  second  case,  that  of  two  places  situated  on  o[)j)0- 
site  sides  of  the  samo  valley,  there  is,  in  like  manner,  the 
choice  of  a  perfectly  straight  line  to  connect  ^em,  which 
would  probably  require  a  heavy  embankment  if  the  road 
were  kept  level ;  or  steep  inclines,  if  it  followed  the  surface 
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of  the  country  ;  or,  hy  winding"  tlie  ruiid,  it  may  be  carried 
acro&s  tb.0  valley  at  a  higher  poiat,  wiiere,  i£  the  level  road 
were  taken,  the  embankment  would  not  be  so  high,  or,  if 
kept  on  the  surface,  the  indination  would  be  reduced. 

lu  the  thiid  case,  there  is,  in  like  maimtr,  tho  alterna- 
tive of  carrying  tho  road  across  the  intervening  ridge  in  a 
perfectly  straight  line,  or  of  deviating  it  to  the  right  or 
the  left,  and  eroeong  at  a  point  where  the  ridge  is  less 
elevated. 

The  proper  determination  of  the  question,  which  of  these 
courses  is  the  best  under  certain  circumstances,  inTobres  a 
consideration  of  the  comparatiye  advantages  and  disad- 
vantages of  inclines  and  ciirvLs.  What  additional  increase 
in  the  leng^  of  a  road  would  be  equivalent  to  a  given  in- 
clined plane  upon  it;  or,  conversely,  what  inclination  might 
be  given  to  a  road,  as  an  equivalent  to  a  given  decrease  in 
its  length  ?  To  satisfy  this  question,  it  is  requisite  to  know 
the  comparative  force  required  to  draw  different  vehicles 
with  given  loads  upon  level  and  upon  varioasly-indined 
roads : — a  subject  whidh  is  treated  in  Chapter  XQ. 

In  laying  out  a  new  line  of  road,  the  first  proceeding  is 
usually,  after  a  general  examination  of  the  country,  to  lay 
down  one  or  more  lines  upon  the  best  map  which  can  be 
procured.  On  a  contour-map  of  the  district,  this  proceed- 
ing is  greatly  facilitated.  The  next  step  is  to  make  an 
accurate  survey  of  the  lands  through  which  the  several 
lines  sketched  out  pass,  which  should  be  plotted  to  such  a 
scale  as  wiU  admit  of  the  smallest  features  being  shown  with 
BuSicient  accuracy  and  distinctness.  A  scale  of  ten  chains 
to  the  inch,  for  the  open  country,  with  enlarged  plans  of 
towns  and  villages  upona  scale  of  three  chains  to  the  indi, 
is  generally  found  to  be  sufficient.  Careful  levels  should 
also  be  taken  along  the  course  of  each  line ;  and  at  suitable 
distances,  depending  upon  the  nature  of  the  countiy,  lines 
of  levels  should  be  taken  at  right  angles  to  the  original 
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line.  In  taking  these  levels,  the  heights  of  all  existing 
roads^  livers,  streams,  or  canals  sliould  be  noted;  bench- 
maris  fihould  be  left  at  least  ereiy  half-milei  that  is,  marks 
made  on  any  fixed  object,  such  as  a  gate-post,  or  the  side 
of  a  house  or  barn,  the  exact  height  of  which  is  ascertained, 
and  registered  in  the  level-book.  The  bench-marks  are 
useful  in  case  of  deviations  being  made  in  any  portion  of 
ihe  lines,  for  the  levels  may  be  taken  direct  from  the  bench* 
marks,  thus  obviating  the  necessity  of  again  levelling 
other  parts  of  the  line.  A  section  should  be  formed 
from  the  levels,  to  the  same  horizontal  scale  as  the  general 
plan,  mth  such  a  vertical  scale  as  will  show  with  distinct* 
ness  the  inequalities  of  the  ground.  If  the  horizontal 
scale  is  ten  chains  to  the  inch,  the  vertical  scale  may  be 
20  feet  to  the  inch. 

A  plan  of  this  kind  is  exemplified  in  Fig.  1 7,  plotted  to  a 
scale  of  ten  chains  to  the  inch,  showing  a  district  through 
which  a  road  is  to  bo  constructed.  One  line  is  shown  run- 
ning nearly  straight  across  the  plan,  together  with  a  devia- 
tion therefibm,  which,  although  of  greater  length,  would 
run  on  more  favourable  ground.  The  sections,  Figs.  18  and 
19,  sli ()\v  the  levels  of  the  surface  of  the  ground  on  the 
straight  line,  and  on  the  deviation  from  it  respectively. 
The  required  information  is  given  on  the  plans,  for  enabling 
the  engineer  to  lay  down  the  course  of  the  road,  and  to 
arrange  the  position  and  dimensions  of  the  culverts,  bridges^ 
and  other  works  necessary  in  its  construction. 

It  is  shown  in  Fig.  17  that  the  straight  line  crosses  a 
stream  at  b,  and  the  river  twice  at  o  and  b  ;  and  also  that 
it  must  pass  from  b  to  e,  over  a  swamp  or  morass  of  such 
a  nature  that,  if  a  solid  embankment  be  formed,  it  is  pro- 
bable that  a  very  laa^  quantity  of  earfJi  would  be  absorbed 
beyond  what  is  indicated  in  the  section.  It  would,  in 
addition,  be  necessary  to  form  bridges  with  several  capa- 
cious openings  at  the  points  where  the  intended  road  would 
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cross  the  riyer^  since  the  river  would  be  liable  to  be  flooded. 
Such  disadyaatages  attending  the  more  obvious  route,  would 

induce  the  engineer  to  sketch  out  some  other  line,  by  whicli 
they  would  be  avoided.  He  would  have  the  levels  taken, 
unth  other  needful  information,  to  enable  him  to  ehooso 
between  tiie  two  routes.' 

The  manner  in  which  the  sections  sliould  ho  drawn,  and 
the  nature  of  the  iuformation  to  bo  given  upon  tliem,  are 
exemplified  in  Figs.  18  and  19.  In  addition,  data  of  the  fol- 
lowing  character  should  be  obtained,  and  should  be  entered 

either  in  the  survey  field-Look,  or  iu  the  level-book. 

At  tho  point  b,  fig.  17,  the  line  crosses  a  strcann  8  feet  in  width 
and  1  foot  deep ;  in  flood,  this  stream  brings  down  a  considerable 
qaantitf  of  water. 

At  ih»  point  c  on  the  section,  the  lirer  is  much  narrower  and 
k  not  00  deep  as  at  otiier  places,  in  consequenoe  of  a  great  por- 
tion of  its  waters  finding  a  passage  through  the  matshy  ground 
on  either  side.  Its  width  is  16  feet,  and  its  depth  2  feet ;  the 
Telocity  of  the  cuitent  is  96  feet  per  minute;  the  height  of  its 
surface  at  tho  present  time  is  30*10  feet  above  the  datum;  and 
the  angle  of  skew  which  the  course  of  the  stieam  makes  with  the 
line  of  the  road  is  62  degrees. 

At  the  point  n  the  river  is  27  feet  wide»  and  2|  lisel  in  depth ; 
lis  velocity  S7  feet  per  minute;  the  height  of  its  surface  above 
the  datum  29*96  feet;  and  the  angle  of  skew  49  degrees. 

The  ground  from  a  to  B  is  of  a  very  8oft»  boggy  nature,  and 
full  of  water. 

The  height  to  which  the  river  has  risen  during  the  highest 
flood  known,  at  the  bridge  at  p  on  the  plan,  is  85  feet  above  tbe 
datum ;  the  water*way  at  that  time  was  90  feet,  and  the  sec- 
tional area  of  the  opening  through  which  the  water  then  flowed 
was  560  square  fcf't.  The  same  flood  at  the  lower  bridge,  at  O  on 
tho  plan,  was  Zo''6  feet  above  the  datum ;  the  water-way  was 
102  feet,  and  the  sectional  area  nearly  600  square  feet. 

The  deviation-line  only  crosses  one  stream,  at  H,  on  the  plan 
and  the  eection.  The  width  of  this  stream  at  present  is  16  feet, 
and  its  depth  18  inches ;  but  in  times  of  flood  it  rit^es  to  the  same 
height  as  the  river,  and  brings  down  a  large  body  of  water.  Thf 
height  of  its  surface  at  present  above  the  datum  is  31 '25  feet,  and 
the  angle  which  its  course  makes  with  the  line  of  road  is  S5 
degreea. 
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The  information  relative  to  the  rivers  crossed,  such  as  is 
^ven  above,  ahould  always  be  obtained,  in  order  that  the 
bridges  constructed  oyer  them  may  be  adequate  for  the 

passage  of  the  water  brought  down  in  time  of  floods. 

A  cross  section  should  be  taken  of  each  of  the  existing 
roads,  near  their  junctions  with  the  intended  road ;  to 
show  to  what  extent,  if  any,  the  levels  of  the  existing 
roads  might  be  altered  to  suit  the  levels  of  the  proposed 
new  road. 

Laying  otU  a  JRoad.^^On  the  sections  Figs.  18  and  19  the 

lino  of  the  road  is  to  bo  laid  doAvii ;  in  other  words,  the 
levels  at  which  it  shall  be  formed  are  to  be  determined. 
As  the  road  should  always  be  dry,  it  should  be  placed  at 
least  a  foot  above  tiie  level  of  the  flood ;  and  if  it  be  placed 
at  37'25  feet  above  the  datum,  which  is  tho  lieiglit  of  the 
existing  road  at  i,  this  object  wHL  be  eMected.  Drawing  a 
line  at  this  level  upon  the  section,  it  appears  that  an 
embankment  will  have  to  be  formed  across  the  valley 
from  the  road  at  i,  to  the  point  where  tho  lino  meets  the 
ground  at  k  ;  and  that  the  remainder  of  the  road  from  x 
to  H  will  be  in  a  cutting.  Now,  the  obvious  principle  in 
arranging  the  levels  of  a  road,  would  be  so  to  adjust  the 
cuttings  and  embanlcments  that  the  ground  taken  from  one 
should  form  the  other.  In  tho  present  instance,  this  is 
impossible,  because  the  level  of  the  road  is  determined  by 
other  circumstances,  and  necessitates  the  formation  of  a 
very  long  embankment  with  hut  very  little  cutting.  Ii 
therefore  becomes  necessary  that  ground  for  the  formation 
of  the  embankments  should  be  obtained  from  some  other 
source.  But,  in  order  to  produce  as  much  cutting  as 
possible,  the  line  should  be  kept  at  the  same  level  as 
before  until  it  becomes  necessary  to  raise  it  so  as  to  attain 
the  level  of  the  existing  road  at  e.  If  an  inclination  of  1 
in  50  be  given  to  this  last  part  of  the  road,  the  distance  at 
which  the  rise  will  commence  will  be  200  feet  iron:  h,  the 
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difference  of  lerel  being  4  feet.   There  is  therefore  to  be 

added  to  the  other  disadvantages  alread}-  mentioned,  as 
belonging  to  tho  straight  lino  of  road,  that  of  the  formation 
of  a  large  embankment,  with  the  necessify  for  making  an 
excavation  in  some  otJier  plaoe,  to  supply  the  earth  fbr  that 

purpose. 

Examine  the  section  of  the  deyiation-Hne,  and  see  what 
improyement  can  be  thereby  effected*  The  level  of  the 
lowest  portion  of  the  road  must,  as  before,  be  placed  37*25 
feet  above  the  datum ;  and  if  a  lino  be  drawn  at  that  level 
or  the  section,  Fig.  19,  it  will  be  found  that  the  quantity  of 
embankment  is  very  much  reduced,  compared  with  what 
would  be  required  for  the  straight  course,  and  that  there 
is  now  no  diillf  ulty  in  adjusting  tho  cutting  between  n  and 
L,  eo  as  exactly  to  afford  the  amount  of  filling  required. 
A  few  trials  will  show  that^  if  the  line  be  kept  at  the  same 
level  until  within  sixteen  chains  of  the  point  n,  and  then 
carried  up  at  a  regular  inclination,  this  object  will  be 
effected,  and  that  the  quantities  of  cutting  and  embank- 
ment will  be  veiy  nearly  equal.  The  deviation-line  is, 
therefore,  the  line  which  the  engineer  would  select  as  the 
better  of  the  two.  Having  made  his  selection,  he  would 
proceed  to  mark  the  course  of  the  road  on  tho  ground,  by 
driving  stakes  into  the  ground,  on  its  centre  line,  at  inter- 
vals of  one  chain-length,  or  66  feet.  In  the  next  place,  he 
would  take  very  careful  levels  of  the  ground  at  every  one 
of  these  points,  and  at  any  intermediate  point,  where  an 
undulation  or  change  of  level  occurred;  and  wherever  the 
level  of  the  ground  varied  to  any  extent  in  a  direction  at 
right  angles  with  the  course  of  the  road,  he  would  take 
levels  from  which  he  would  make  transverse  or  cross 
sections  of  the  ground. 

From  these  levels  a  working  section  should  be  made,  to 
a  horizontal  scale  of  not  less  than  five  chains  to  the  inch, 
aud  a  vertic^  scale  of  20  feet  to  the  inch.    A  portion  of 
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the  section  plotted  to  thcso  scales  is  sliown  in  Tig.  20  ; 
the  level  of  the  surface  of  the  ground  above  the  datum,  at 
every  chain4e]igih,  at  tilie  points  where  stakes  haye  been 
driyen  into  the  ground,  should  be  figured-in  on  the  section, 
as  shown  in  tlie  column  A,  and  the  depth  of  cutting  or 
height  of  embankment^  at  the  same  points,  should  be  given 
in  another  column,  b.  The  entries  in  this  last  column 
are  obtained  by  taking  the  difference  between  the  leyel  of 
the  surface  of  the  ground  and  the  level  of  the  road.  It  will 
be  observed  that,  upon  the  section,  there  are  two  parallel 
lines  drawn  as  representing  the  line  of  road ;  the  upper 
line  is  intended  to  represent  the  upper  surface  of  the  road 
when  finished,  while  the  lower  thick  line  represents  what 
is  termed  the  fonmtion-swfacey  or  the  level  to  which  the 
surface  of  the  ground  is  to  be  formed,  to  receive  the  foun- 
dation of  the  road.  In  the  section,  the  formation-surface 
is  shown  15  inches  below  the  finished  surface  of  the  road  ; 
the  differencG  of  level  is  therefore  the  thickness  of  the  road 
itself.  All  the  dimensions  on  the  section  are  understood 
to  refer  to  the  fonnation-leyel ;  and  the  height  of  the  latter 
aboye  the  datmn  should  be  figured-in  wherever  a  diange 
in  its  rate  of  inclination  takes  place,  and  should  be  marked 
by  a  stronger  vertical  line^  as  shown  at  c. 
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CONSTHUCnON  OP  ROADS :  EAKTHWORK  AND 

DRAINAGE. 

Earthwork. — ^Tliis  term  is  applied  to  whatever  relates  to 
the  construction  of  the  excayations  and  the  embankments, 
to  prepare  them  for  receiving  the  road-covering. 

When  the  cuttings  are  of  considerable  depth,  trial  pits 
should  be  sunk  at  intervals  of  about  ten  chains,  to  the 
depth  of  the  intended  cutting,  for  the  purpose  of  ascertain- 
ing the  nature  of  the  ground^  and  deteimining  the  slopes 
at  which  the  sides  of  the  cutting  would  safely  stand,  as 
well  as  the  slope  at  which  the  same  earth  would  stand 
when  formed  into  the  embankments.  The  cuttings  and 
embankments  should  bo  numbered  on  the  section,  and  the 
slopes  intended  to  be  given  to  each  should  be  stated  upon 
the  section.  The  contents  of  a  cutting  or  an  embankment, 
that  is,  the  number  of  cubic  yards  which  will  have  to  bo 
moved  for  its  formation,  with  the  intended  slope,  should 
then  be  calculated  and  stated  upon  the  section.  The  man- 
ner of  calculating  these  quantities  will  be  explained  in  a 
subsequent  chapter. 

Wherever  rivers  or  streams  are  crossed^  bridges  or  cul- 
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▼erts  must  be  introduced ;  detail  drawings  of  these  should 
be  prepared,  and  reference  should  be  made  to  them  on  the 

working'  section. 

A  working  plan  should  be  constructed,  on  the  same 
horizontal  scale  as  the  section,  upon  which  the  positions 
of  the  centre  stakes  should  be  shown ;  and  on  this  plan 

the  road  should  bo  drawn  to  its  correct  widtli  at  tlio  upper 
surface,  with  other  lines  showing  the  feet  of  the  slopes. 
The  stakes  should  be  numbered  consecutirely  on  the  plan, 
to  facilitate  reference  to  any  part  of  the  line,  and  the  width 
of  land  required  at  every  stake  should  be  calculated  in  the 
manner  about  to  be  described,  and  entered  in  a  table,  from 
which  the  width  of  land  required  for  the  purpose  of  the 
road  may  be  ascertained  at  every  chain.  Suppose  that,  in 
the  present  instance,  the  finished  width  of  the  road  itself 
is  to  be  40  ft.,  and  that  an  additional  6  ft.  will  be  required 
on  each  side  for  the  ditch  and  bank,  the  half  width  of  the 
road  without  any  slopes,  or  where  the  road  is  on  the  same 
level  as  the  ground,  would  be  26  ft. ;  and  it  may  be 
observed  in  the  following  table,  wherever  there  is  no  cut- 
ting or  embankments  (as  at  stakes  Nos.  1  and  30),  this  is 
the  width  given  in  the  fourth  column.  To  find  the  heights 
at  the  other  stakes,  the  product  of  the  height  of  embank- 
ment or  depth  of  cutting  (as  the  case  may  be)  by  the  ratio 
of  the  slope  is  to  be  added  to  the  half  width,  26  ft.  Tims, 
in  the  first  cutting,  the  ratio  of  the  slopes  being,  as  slated 
on  the  section,  1  to  1,  there  is  simply  to  add  the  depths  of 
the  cutting  at  each  stake  to  26  ft.,  and  the  numbers  given 
in  Ihe  fourth  column  are  obtained.  After  the  2l8t  stake, 
the  cutting  terminates,  and  the  ratio  of  the  slopes  then 
becomes  H  to  1,  and  an  ad  litiuu  of  one  and  a  half  times 
the  height  of  the  embanlrmcnt  is  to  be  made  to  the  normal 
half  width,  26  ft.,  to  give  the  remaining  values  in  the 
fourth  column  of  the  table* 
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Taiu.e  No.  2. — Side  Widths. 


1 

No  of  stake  on 
the  plan. 

1 

Depth  of  cutting. 

h 

o  c 

n 

Distance  of  side 
fence  ftx)m  cen- 
tre line. 

g 

o 

10  ^ 

%^  Pt 

Depth  of  cutting. 

Height  of  em- 
"bankment. 

Distance  of  Bide 
fence  from  cen- 
tre line. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

1 

0  00 

260 

17 

2-33 

28-3 

2 

0*58 

— 

26-6 

18 

2-52 

28-5 

8 

II  93 

19 

28*2 

4 

1-20 

27-2 

20 

1-60 

27-6 

5 

1-56 

27-G 

21 

0-75 

2G-8 

6 

1-91 

27-0 

22 

0-55 

26-8» 

i 

2-04 

28-0 

23 

2-20 

j^J  -J 

8 

1'87 

27-9 

24 

8-52 

31-3 

9 

1-90 

27-9 

25 

4*00 

320 

10 

207 

28-1 

26 

3-70 

31-7 

11 

2-17 

28-2 

27 

2-60 

29-9 

12 

2-35 

28-4 

28 

1-25 

27-9 

13 

2*30 

28-3 

29 

0-30 

26-5 

14 

2-25 

28-3 

80 

COO 

26-0 

15 

2-50 

28-5 

31 

033 

26*5 

16 

2,-09 

281 

After  ascertaining  tk©  iialf  widths  as  shown  in  the  table 
No.  2,  the  next  operatioii  is  to  set  out  tbe  ^dths  ou  the 
ground,  driving  in  another  stake  at  every  chain-length,  at 

tlio  correct  dislanco  on  each  side  of  llie  centre  stake.  A 
grip  about  4  or  6  in.  wide  shouid  then  be  cut  from  stake 
to  stake,  so  as  to  mark  both  the  centre  and  sides  of  the 
road  upon  the  ground  by  a  continuous  line.  The  side 
lines  thus  set  out,  it  must  be  remembered,  are  not  the  foot 
of  the  slopes,  but  they  include  6  ft.  on  each  side  for  a  bank 
and  a  ditch.  Another  stake  should  therefore  be  driven  at 
eveiy  chain-length,  6  ft.  within  the  outer  stakes  on  each 
side,  and  another  grip  cut  to  mark  the  foot  of  the  dopes. 
A  strong  post  should  next  be  £xed  into  the  ground, 

*  The  8lo|>€s  here  chaoge  from  1  to  If  to  1^  to  1« 
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upon  the  centre  line,  wherever  a  change  in  the  inclination 
of  the  road  takes  place  (aa  at  the  17th  stake  in  the  present 
instance),  upon  which  a  cross  piece  should  be  placed  at  the 

intended  height  of  the  formation-surface  of  the  road,  and 
intermediate  heights  should  be  put  up  at  such  distances  as 
will  enable  the  workmen  to  keep  the  embankments  to  their 
proper  level.  For  cuttings,  pits  must  be  sunk  correspond- 
ingly, at  certain  intervals,  to  the  depth  of  tlie  formution- 
Burface,  to  serve  as  guides  to  the  excavators  in  forming 
the  catting. 

In  the  foregoing  example,  the  slopee  have  been  taken 

at  ratios  of  1  to  1,  and  H  to  1  ;  but  it  should  be  remem- 
bered that  the  inclination  of  the  side  slopes  demands 
peculiar  attention.  The  proper  inclination  depends  on  the 
nature  of  the  soil,  and  the  action  of  the  atmosphere  and 
of  internal  moisture  upon  it.  **  In  common  soils,  as  or- 
dinary garden-earth  formed  oi  a  mixture  of  day  and 
sandy  compact  day,  and  compact  stony  soils,  although 
the  side  dopes  would  withstand  very  well  the  effects  of 
the  weather  with  a  steeper  indination,  it  is  best  to  gire 
them  two  base  to  one  perpendicular ;  as  the  surface  of 
the  roadway  will,  by  this  arrangementi  be  well  ejq^osed 
to  the  action  of  the  sun  and  air,  which  will  cause  a 
rapid  evaporation  of  the  moisture  on  the  surface.  Pure 
sand  and  gravel  may  require  a  greater  slope,  according 
to  circumstances.  In  all  cases  where  the  depth  of  the 
excavation  is  great,  the  base  of  the  dope  should  be  in- 
creased. It  la  not  usual  to  use  any  artifidal  means  to 
protect  the  surface  of  the  side  slopes  from  the  action  of 
the  weather ;  but  it  is  a  precaution  which,  in  the  end,  will 
save  much  labour  and  expense  in  keeping  the  roadway  in 
good  order.  The  simplest  means  which  can  be  used  for 
this  purpose,  consist  in  ooyering  the  slopes  with  good  sods, 
or  else  with  a  layer  of  vegetable  mould  about  4  inches 
thick,  caieiully  laid  and  sown  with  grass  seed.  These 
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means  are  amply  sufficient  to  protect  the  side  slopes  from 
injury  when  they  ai*e  not  exposed  to  any  other  causes  of 
deterioration  than  the  wash  of  the  rain,  and  the  action  of 
frost  on  the  ordinary  moisture  retained  by  the  soiL 

*.*The  side  slopes  form  usually  an  unbroken  surface  from 
the  foot  to  the  top.  But  in  deep  excavations,  and  particu- 
larly in  soils  liable  to  slips,  they  are  sometimes  formed 
with  horizontal  o&sets,  termed  hnekeSf  which  are  made  a 
few  feet  wide,  and  have  a  ditch  on  the  inner  side  to  receive 
ilie  burface-water  from  the  portion  of  the  side  slope  above 
them.  These  benches  catch  and  retain  the  earth  that  may 
fall  from  the  portion  of  the  side  slope  abore. 

''When  the  side  slopes  are  not  protected,  it  will  be  welL 
in  localities  where  stono  is  plenty,  to  raise  a  small  Trail  of 
dry  stone  at  the  foot  of  the  slopes,  to  prevent  the  wash  of 
the  slopes  from  being  carried  into  the  roadway. 

"  A  covering  of  brush-wood,  or  a  thatch  of  straw,  may 
also  be  used  with  good  effect ;  but,  from  their  perish- 
able nature,  they  will  require  frequent  renewal  and 
repairs. 

** In  ex^vatic^ni^,  through  solid  rock,  which  does  not 
disintegrate  on  exposure  to  the  atmosphere,  the  sides 

might  be  made  perpendicular;  but  as  this  would  (  x elude, 
in  a  great  degree,  the  action  of  the  sun  and  air,  which  is 
essential  to  keeping  the  road-surface  dzy  and  in  good  order, 
it  is  necessary  to  make  the  side  slopes  with  an  inclination, 

varying  from  one  base  to  one  perpendicular,  to  one  base 
to  two  perpendicular,  or  even  greater,  according  to  the 
locality : — the  inclination  of  the  slope  on  the  south  side  in 
northern  latitudes  being  the  greater,  to  expose  better  the 

road-surfaco  to  the  sun's  rays. 

**The  slaty  rocks  generally  decompose  rapidly  on  the  sur- 
face, when  exposed  to  moisture  and  the  action  of  £rost. 
The  side  slopes  in  rocks  of  ihls  character  may  be  cut  into 
steps,  and  then  be  covered  by  a  layer  of  vegetable  mould 
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sown  in  grais  seed^  or  else  the  eartli  may  be  Bodded  in  the 
Ufiual  "way. 

"The  stratified  soils  and  rocks,  in  which  the  strata  have 
a  dip^  or  inclination  to  the  horizoiii  are  liable  to^Itps^or 
togive  way,  by  one  stratum  beco"^^"g  »nd  ftHfijpy 

onanother ;  which  is  caused  either  from  the  action  of  frost, 
or  from  the  pressure  of  water,  winch  insinuates  itself 
between  the  ^tratgL-  The  worst  soils  of  this  character  are 
those  formed  of  alternate  atarata  of  clayand  sand ;  p^^icu- 
larly  if  theTolay  is  of  a  nature  jo^ become  semi-fluid  when 
mixed  with  water.  The  best  preventives  that  can  ho  re- 
sorted to  in  these  cases  are,  to^  adopt  a  system  of  thorough 
drainage,  to  pyflvunt  the  ^mface-water  of  the  ground  from 
running  down  tIuL^de_jlopes,  and  to  cut  off  all  springs 
which  run  towards  the  roadway  from  the  side  slopes.  The 
BurSoe»water  may  be  cut  off  by  means  of  a  single  ditch 
made  on  ^be  up-hill  side  of  the  road,  to  catch  the  water 
b^ofe  it  reacheg  the  slope  of  the  excavation,  ajad  convey 
irpfTtoThe  most  convenient  natural  water-courses ;  for,  in 
ahnost  every  caae^  it  will  be  found  that  the  side  slope  on 
the  down-hill  side  is,  comj^aratively  speaking,  but  sh'ghtly 
affected  by  the  surface-water. 

''^SV^ere  slips  occur  from  the  action  of  springs,  it  fre- 
quently become  a  very  difiScult  task  to  secure  the  side 
slopes.  If  the  sources  can  be  easily  reached  by  excavating 
into  the  side  slopes,  drains  fomed  of  layers  of  fascines,  or 
brush-wood,  may  be  placed  to  give  an  outlet  to  the  water. 
and  prevent  its  action  upon  ^e  side  slopes.  Thelascinee 
may  be  covered  on  top  with  good  sods  laid  with  the  grass 
side  beneath,  and  tlic^  excavation  made  to  place  the  drain 
be  hlled  in  with  good  earth  well  rammed.  Dx^nsJoifiigii. 
of  broken  stone^  covered  in  like  manner  on  top  with  a 
layer  of  sod  to  prevent  tibie  drain  from  becoming  chokeT 
WitlTeai-th,  may  Le  used  under  ^lio  sajiiQ_I'ir^-nnifitancftH  as 
fascine  drains.   Where  the  sources  are  not  isolated^  and 

Digitized  by  Google 


46 


EARTHWORK  AMD  DRAINAGE. 


the  whole  mass  of  the  soil  foiming  the  dde  slopee  appean 
satnraiedy  the  drainage  may  Jbe  effected^  Ly  excavating 

trenches  a  few  feet  wide  at  intervals  to  the  de])t]i  of  some 
feet  into  the  side  slopes,  and  filling  them  with  broken 
stone,  or  else  a  general  drain  of  broken  stone  may  be  made 
throughout  the  whole  extent  of  the  side  slope  by  ezcava- 
ting  into  it.  When  this  is  deemed  necessary,  it  -will  be 
well  to  arrange  the  drain  like  an  inclined  retaining- wall, 
with  buttresses  at  intervals  projeotiag  into  the  earth 
further  than  the  general  mass  of  the  drain.  The  front 
face  of  the  drain  sliould,  in  tMs  ca8ej_al8p  be  coyercd  witk 
la  layer  of  sods  with  the  grass  side  beneath,  and  upon  this 
T  layer  of  good  earth  should  be  compactly  laid  to  form  the 
faee  of  the  side^opes.  The  drain  need  only  be  carried 
high  enough  above  the  foot  of  the  side  slope  to  tap  all  the 
sources ;  and  it  should  be  sunk  sufficiently  below  the  road-^ 
way  surface  to  give  it  a  secure  footing, 
^The  draSnagehas  been^ffeeted^  in  some  cases,  by  sink« 
ing  wells  or  shafts  at  some  distance  behind  the  side  slopes, 
tcom  the  top  surface  to  the  level  of  the  bottom  of  the  ex- 
cavation, and  leading  the  water  which  collects  in  them,  by 
pipes,  into  drains  at  the  foot  of  the  side  slopes.  In  ojfliers, 
a  narrow  trench  has  been  excavated,  parallel  to  the  axis  of 
the  road,  from  the  top  surface  to  a  sufficient  depth  to  tap 


all  "&e  sources  which  "flow  Iowgrds~the  side  slope^ 
drain  formed  leitKer  by  filling  the  trench  wholly  with 
broken  stone,  or  else  by  arranging  an  open  conduit  at  the  _ 
bottom  to  receive  the  water  collected,  over  which  a  layer 
S^rush-wood  is  laid,  the  remainder  of  the  trench  being 
filled  with  broken  stone."* 

~V  I  — - — — —  ■  

In  some  instances,  the  side  slopes  of  very  bad  soils 
have  been  secured  by  a  facing  of  brick  arranged  in  a 
manner  very  similar  to  the  method  resorted  to  for  securing 
tlio  perpendicular  sides  of  narrow  deep  trenches  by  a 
timber-iacing.   The  plan  pursued  is,  to  place,  at  intervals 

*  ''A  Treatise  on  OivO  Engmeering,"  by  D.  H.  Hahan,  2ad  edtftpstd  by  Google 
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along  tho  Gxeavation,  strong  "buttresses  of  brick  on  each 
side,  opposite  to  each,  otker,  and  to  connect  them  at  bottom 
by  a  rover  Bed  arch.  Between  these  buttreeses  are  placed^ 
at  suitable  heights,  one  or  more  brick  beams,  formed  at 
bottom  with,  a  flat  segment  arch,  and  at  top  with  a  like 
arch  inverted.  The  huttresses,  secured  in  tiiis  way,  serve 
as  piers  for  vertical  cylindrical  arches,  which  form  the 
facing  and  support  the  pressure  of  the  earth  between  tho 
buttresses. 

"In  forming  the  embankments^the  side  slopes  should  be 
made  with  a  greater  inclination  than  that  which  the  earth 
naturally  assumes ;  for  the  purpose  of  giving  them  greater 
durability,  and  to  prevent  the  width  of  the  top  surface, 
along  which  tlie  roadway  is  made,  from  diminishing  by 
evexy  change  in  the  side  slopes,  as  it  would  were  they 
made  with  the  natural  slope.  To  protect  the  side  slopes 
more  effectually,  they  should  be  sodded,  or  sown  in 
grass  seed;  and _tibie_jui'i«ice -water  of  the  jop  should 

washjhem  into  gullies,  and  destroy  the  ftfnhimlmfiim^. 
In  localities  wbera-fitone  is  plentifuL  a  sustaining  wall  of 
dry  stone  may  be  advfti^^*^gft^"ftly  flnhstitutftd  for  the  side 
slopes.. 

''To  prevent,  as  far  as  possible,  the  settling  which  takes 
place  in  embankments,  they  should  be  formed  with  great 

care ;  the  earth  being  laid  in  successive  layers  of  about 
four  feet  in  thickness,  and  each  layer  well  settled  ^  ith 
rammers.  As  this  method  is  very  expensive,  it  is  seldom 
resorted  to  except  in  works  which  require  ^rcat  care,  and 
ai-e  of  trilling  extent.  For  extensive  works,  the  method 
usually  followed,  on  account  of  economy,  is  to  embank  out 
from  one  end,  carrying  forward  the  work  on  a  level  with 
the  top  surface.  In  this  case,  as  there  must  be  a  want  of 
compactness  in  the  mass,  it  would  bo  best  to  fonu  tho 
outfiides  of  the  embankment  £rst,  and  to  gradually  hll  in 

i 
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towards  the  centre,  in  order  that  the  earth  may  arrange 
itself  in  layers  with  a  dip  the  sides  inwards; 

tiiis  will  in  a  great  measure  counteract  any  tondencj  to 
siix)s  outward.  The  foot  of  the  slopes  sliouid  bo  secured 
by  buttressing  them  either  by  a  low  stone  wall,  or  by 
forming  a  slight  excaration  for  the  same  purpose."* 
**In  some  cases  surface  drains,  termed  c(itcA:zu:atcj-(h:iwis, 
are  made  on  the  side  slopes  of  cuttiny^^  They  are  ruu  up 
obliquely  along  the  surface,  and  empty  directly  into  the 
cross  drains  which  convey  the  water  into  the  natural  water* 


courses. 


7 


When  the  roadway  is  in  fiide-fonning.  cross  drains  of 
^^l^^^tlio  ordinary^ form  of  culverts  are  made,  to  convey  the 
water  from  the  side  channels  and  the  covered  drains  into 
thejiaturaljwater-cQiLiises.  ^I^y  should  bo^f  sufficient 
diuieusions  jo  convey  off  a  large  volume  of  water,  and  to 
,  admit  a  man  to  pass  through  them,  so  that  they  may  be 
readilvjjijared  out,  or  even  repaired^  without  breakingjup 
the  roadway  over  thega^ 

*^^he  only  drains  required  for  embankments  are  the  ordi- 
nafvlSde  channels  of  fha  mfjAwaj^  with  f^onoai/Mifl]  AnWorf^ 
to_COnvey  the  ly^tar  from  them  ititn  thft  Tiftfairal  ynAfti*, 

courses.  Great  care  should  be  taken  to  ])revent  the  sur- 
face-water  from  runninp^  down  the  side  slopes,  as  they 
would  soon  be  washed  into  g^'^lpa 
''When  the  axis  of  the  roadway  ia  laid  out  on  the  side 
slope  of  a  hill,  and  the  road-surface  is  formed  partly  by 
excavating  and  partly  by  embanking_gut,  the  usual  and 
most  simple  method  is  to  extend  out  the  embankment 
gradually  along  the  whole  line  of  excavation.  This  method 
is  insecure,  and  no  pains  therefore  should  be  spared  to  give 
tiie  embankment  a  good  looting  on  the  natural  surface 
upon  which  it  rests,  particularly  at  the  foot  of  the  slope. 
For  this  purpose  the  natural  surface  should  be  cut  into 
steps,  or  ofiBsets,  and  the  foot  of  the  elope  be  secured  by 

*  "A  Tr.iatiM  on  Civil  Engineeiiog/'  by  D.  H.  Maliaii,  2&d  editioii« 
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buttressing  it  against  a  low  stone  wall,  or  a  small  terrace 
of  oaref  11II7  rammed  earth. 

* *In  side-fonnings  ^QPg^Jiatural^sui^^  ^'nfilia 
Ijiatimi,  the  method  of  construction  just  explained  will  not 
be  sulticiontly  secure ;  sustaining-wfi^^**  ^Y^ustbe  substituted 
fn^  *ht^  piHA  botii     the  excavatioiifl  and  embank- 

ments.  These  walls  may  be  made  simply  of  dry  stone, 
when  the  stone  can  bo  procured  in  blocks  of  suiriciciit  size 
to  render  this  kind  of  construction  of  sufficient  stability  to 
resist  the  pressure  of  the  earth.  But  when  the  blocks  of 
stone  do  not  offer  this  security^  they  must  be  laid  in  mortar, 
and  hydraulic  mortar  is  the  only  kind  whicli  ^vill  furiu  a 
safe  construction.  The  wall  which  supplies  the  slope  of 
■^e  excaTation  should  be  carried  np  as  high  as  the  natural 
surface  of  the  ground;  the  one  that  .sustains  the  omLank- 
incnt  bhuuld  be  built  up  to  the  surface  of  the  roadway  ;  and 
a  parapet-wall  should  be  raised  upon  it,  to  secure  vehicles 
nam  accidents  in  deviating  from  the  line  of  the  roadway> 
A  road  may  be  oonstmcted  partly  in  excavation  and 
partly  in  embankment  along  a  rocky  ledge,  by  blasting  the 
rock,  when  the  inclination  of  the  natural  surface  is  not 
greater  than  one  perpendicular  to  two  base;  but  with 
a  greater  inclination  than  this^  the  whole  should  be  in 
excavation. 

**  There  are  examples  of  road  constructions,  in  localities 
like  the  last,  supported  on  a  irame-work,  consisting  of 
horizontal  pieces,  which  are  firmly  fixed  at  one  end  by 
being  let  into  holes  drilled  in  the  rock,  and  are  sustained 
at  the  other  by  an  inclined  strut  underneath,  which  rests 
against  the  rock  in  a  shoulder  formed  to  receive  it. 

''When  the  excavations  do  not  furnish  sufficient  earth  for 
the  embankments,  it  is  obtained  from  excavations  termed 
sid€-cutti)i(j>i^  made  at  some  place  in  the  vicinity  of  the 
embankment,  from  which  the  earth  can  be  obtained  with 
the  most  economy. 

•*  Digitized  Ly  ^ 


50 


EARTUWOKK  AND  DRAINAGB. 


the  excavatious  furnisli  moro  earth  than  is  required 
£6r  the  embankmenty  it  is  deposited  in  what  is  tenned.a 
spoiUhank,  on  the  side  of  the  excavation.  The  spoil-bank 
should  bo  mado  at  some  distauco  back  from  tlie  sido  slope 
of  the  excavation,  and  on  the  down-biJi  aide  of  the  top- 
sgrfiEtce ;  and  suitable  drains  should  be  arranged  to  cany 
off  any  water  that  might  collect  near  it  and  affect  the  side 
slope  of  the  excavation. 

*^The  forms  to  be  given  to  side-cuttings  and  spoil-banks 
will  dependf  in  a  great  degree^  npon  the  locality;  they 
should,  as  far  as  practicable,  be  such  that  the  cost  of 
removal  of  the  earth  shall  bo  the  least  possible/^  * 

•  "  A  Trcutiae  on  Civil  Engiaeeiing,"  hy  D.  H.  Muhun,  2ad  edilion, 
page  416. 
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BESISTANGE  TO  TEACTION  ON  OOBIHON  BOABS. 

The  followiiif^^  are  tke  general  results  of  the  experiments 
made  by  M.  Morin  upon  the  resistance  to  the  traction  of 
yelddes  on  common  roads 

1st.  Tho  resistance  to  traction  is  directly  proportional 
to  the  loady  and  inyersely  proportional  to  th.e  diameter  of 
the  wheeL 

2nd.  XJpon  a  paved  or  a  hard  macadamized  road  &e 

resistance  is  independent  of  the  width  of  the  tire,  when 
this  quantity  exceeds  £rom  3  to  4  inches. 

3rd.  At  a  walking  pace,  the  resistance  to  traction  is  the 
aame,  under  the  same  Gircumstances,  for  carriages  with 
springs  aud  for  carriages  without  springs. 

4th.  Upon  hard  macadamized  roads  and  upon  paved 
roads,  the  resistance  to  traction  increases  with  the  velocily : 
the  increments  of  traction  being  directly  proportional  to 
the  increments  of  velocity  above  the  velocity  3*28  ftut  per 
second;  or  about  2^  miles  per  hour.  The  equal  increments 
of  traction  thus  due  to  equal  increments  of  velocity,  are 
less  as  the  road  is  smoother,  and  as  the  carriage  is  less 
rigid  or  better  liung. 

5th.  Upon  soft  roads,  of  earth,  or  sand  or  turf,  or  roads 
fresh  and  thickly  gravelled,  the  resistance  to  traction  is 
independent  of  the  velocity. 

Gth.  Upou  a  wcll-niadc  and  compact  pavement  of  hewn 
stones,  the  resistance  to  traction  at  a  walking  pa<ie  is  not 
more  than  three-fourths  of  the  resistance  upon  the  best 
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macadamized  roads,  under  similar  circumstances.  At  a 
trotting  pace,  the  resistances  are  equal. 

7tli.  The  deatrucdoiL  of  the  road  is,  in  all  cases^  greater 
as  the  diameters  of  the  wheels  are  less,  and  it  is  greater 
in  carriages  without  than  with  springs. 

The  next  experiments  which  may  be  quoted,  are  those  of 
Sir  John  Macueil,*  made  with  an  inBtnunent  invented  by 
him  for  the  purpose  of  measuring  the  tractive  force  required 
on  different  descriptions  of  road,  to  draw  a  wagon  weigli- 
ing  21  cwt.,  at  a  very  low  velocity.  The  general  results 
which  he  obtained  are  given  in  the  following  table : — 

Tabls  No.  d. — ^iUsuLTt  of  T&action  Itoacs  to  i>&aw  21  Qwr.  ok 

A  Level. 
(Sir  Jotia  MacneiL) 


Pteeripttoa  of  road. 


1.  On  a  weU»made  pavement  

2.  On  a  road  made  with  six  inches  of  broken  \ 

stone  of  great  hardntss,  laid  either  on  a  f 
foundation  of  large  stonf^s,  set  in  the  form  of  1 
apavenion   or  nj'on  a  bottoming  of  concrete  / 

3.  On  an  old  Hint  road,  or  a  road  made  with  a  ) 

thick  coating  of  broken  stone  laid  on  earth  f 

4.  On  a  road  made  with  a  tbidc  coatiog  of ) 

grovel  Jaid  on  earth   I 


! 

.Total  trao 
five  force. 

Tno'fvt 

force  per 

ton. 

Ibt. 

ZZ 

31-4 

id 

44 

65 

62 

147 

140 

Sir  John  Macneil  has  also  given  tlio  ibllowing  arbitrary 
formula),!  for  calculating  the  resistance  to  traction  on  leyel 
roads  of  various  kinds.  They  have  been  deduced  from  a 
considerable  number  of  experiments  made  on  the  different 
kinds  of  road  specified  below,  with  carria^^ts  moving  at 
various  velocities.  Putting  r  for  the  force  required  to 
more  tbe  carriage,  w  the  weight  of  the  carriage,  w  that  of 
the  load,  all  expressed  in  pounds,  v  tiie  velocity  in  feet  per 
second,  and  c  a  constant  number,  which  depends  upon  the 
•  Sir  iX.  PameU  on  Eoads,  p.  73.  f  Ibid.,  p.  464. 
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nature  of  the  surface  over  which  the  carriage  is  drawn, 

and  the  value  of  which  for  several  different  kinds  of  road 

IB  as  follows  :— 

On  a  tiinber  Buxlaoe        •        •        •        •  •  «  m  2 

On  a  paved  road    •        •        .        •        .  *  „  2 

On  a  well-made  lirokeiL  stone  zoad,  in  a  dry  dean  state  .  ^  ^ 

On  a  well-made  broken  atone  road,  covered  with  dnat  .  »  B 

On  a  well-made  broken  stone  road,  wet  and  muddy  .  „  10 

On  a  grav«i  or  flint  road,  in  a  dry  deaa  state     .  .  13 

On  a  gravel  or  flint  road«  in  a  w^  and  muddy  state  •  f,  32 

Stage  wagon,  s=—g^      ^ +«v    .   .   .  (1.) 

Stagecoach,  b«~J^  +  ^  -f  ci?     •    .    .  (2.) 

Rule  1. — Divide  the  gross  weight  of  the  carriage  wlicn 
loaded,  in  pounds,  by  93  if  a  wagon,  or  by  100  if  a  coach, 
and  to  the  quotient  add  one-fortieth  of  the  weight  of  the 
load  only ;  to  the  sum,  add  the  product  of  the  velocity  in 
feet  per  second,  by  the  proper  constant  for  the  particular 
kind  of  road.  The  sum  is  the  force  in  pounds  required  to 
draw  the  carriage  at  the  given  velocity  upon  that  deaorip- 
tion  of  road. 

I'or  example :  What  force  would  be  requisite  to  move  a 
etage-eoack  weighing  2,0C0  lbs.,  and  having  a  load  of 
1,100  lbs.,  at  a  velocity  of  9  ft.  per  second,  along  a  broken* 
atone  road  covered  with  dust  ?   By  the  nile, 

100  40 
the  force  required. 

To  consider,  next,  the  additional  resistance  which  is 
occasioned  when  the  road,  instead  of  being  level,  is  inclined 
against  the  load,  in  a  greater  or  less  degree.  In  order  to 
simplify  the  question,  suppose  the  whole  weight  to  be 
supported  on  one  pair  of  wheels,  and  that  the  tractive 
fortte  is  applied  in  a  direction  parallel  to  the  surface  of  the 
road.   Let  a  s,  Fig.  21,  represent  a  portion  of  an  inclined 
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road,  0  being  a  carnage  just  austouied  m  its  position  by  a 
force  acting  in  the  direction  on    The  carriage  is  kept  in 
position  by  three  forces,  namely,  p  d 
by  its  own  weight  w,  acting  in  the 
yertical  direction  o    by  the  force 
F,  applied  in  the  direction  od  pa- 
rallel to  tlio  snifiK  O  of  the  road, 
and  by  the  pressure  p,  which  is 
exerted  by  the  carriage  against  ^ 

the  surface  of  tibe  road  acting  in   Pig.  21.-Gravity  on  an  inclined 

tlie  direction  o  E,  per2)endic'ular  piaiw. 
to  the  surface.  To  deterioino  tlio  relative  magnitudo 
of  these  three  forces,  draw  the  horizontal  line  A  o,  and 
the  TOrtical  line  bo;  then,  since  the  two  lines  cf  and 
B  a  are  parallel,  and  are  both  cut  by  the  line  A  b,  thoy 
must  make  the  two  angles  oj^b  and  abo  equal;  also  tho 
two  angles  o  e  f  and  a  o  b  are  equal,  being  both  right 
angles ;  therefore  the  remaining  angles  fob  and  b  a  o  are 
equal,  and  the  two  triangles  c  f  e  and  A  li  G  are  siinilar. 
And  as  the  three  sides  of  the  triangle  ope  are  proportional 
to  the  three  forces  by  which  the  carriage  is  sustained,  so 
also  are  the  three  sides  of  the  triangle  A  b  o ;  that  is  to 
say,  AB,  or  tlio  ]t  iigth  of  tho  ruad  is  proportional  to  w,  or 
the  weight  of  the  carriage ;  b  g,  or  the  vertical  rise  is  pro- 
portional to  F,  or  the  force  reqiured  to  sustain  the  carriage 
on  the  incline ;  and  a  o,  or  the  horizontal  distance  for  the 
rise  is  proj)ortionLd  to  p,  or  the  force  with  which  the  car- 
riage presses  upon  the  surface  of  the  road, 
therefore, 

w  :  AB  :  :  F  :  ob, 

and  w  !  A  B  !  !  p  t  ao, 

And  if  A  G  be  made  of  such  a  length  that  the  vertical 
rise,  B  o,  of  the  road,  is  exactly  one  foot^  then, — 

F  =  —  =  — =  ,  — ^  =3  w  .  sin  ^   •   ♦   .  (8,) 

AB         V^A  G^        1  ^  ^ 
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and  p  «  ]Ll±r=— ==  w  .  COS  ^3   .    .    .  (4.) 

m  wliicli  ft  is  the  angle  bag. 

These  formulse  reduced  to  verbal  rules  are  as  follows:-— 

Bulb  2. — Jh  find  the  /oree  reqttUiU  to  tustain  a  €arriag$ 

upm  <m  inelmed  road  (the  effects  of  frietim  heing  neglected)  y 

divide  the  weight  of  the  carriage,  including  its  load,  by 

the  inclined  length  of  the  road,  tho  vertical  rise  of  which  is 

one  foot,  and  the  quotient  is  the  force  required. 
Bui;e  8. — Ih  find  the  pressure  of  a  earriage  against  (he  sur^ 

face  of  cm  uicUned  road,  multij)ly  tho  weiglit  of  the  loaded 

carriage  by  tho  horizontal  length  of  the  road,  and  divide 

the  product  by  the  inclined  length  of  the  same ;  the  quo» 

tient  is  the  pressure  required. 

Example. — AA^at  is  tho  force  required  to  sustain  a  car- 
riage weighing  3,270  lbs.  upon  a  road,  tlxe  inclination  of 
which  is  one  in  thirty,  and  what  is  the  pressure  of  the 
carriage  upon  the  surface  of  the  road  ? 

Here  the  horizontal  length  of  the  road,  A  o,  being  equal 
to  30,  for  a  rise  of  1  foot,  the  inclined  length,  a  b  :^ 
Va  a«  +  1  =r  30  017,  and  by  the  first  rule,  3,270  ^  30  017 
=  108*93  lbs.  for  the  force  required  to  sustain  the  carriage 
on  the  road. 

By  the  second  rule,  3,270  x  30     30*017  =  3,269*9  lbs., 
the  pressure  of  the  carriage  uxron  tho  surface  of  the  road. 

Since  the  pressure  of  a  carriage  on  a  sloping  road  is 
found  by  multiplying  its  ^  oip-ht  by  the  horizontal  leii«;th 
of  the  road  and  dividing  by  the  inclined  length,  and  as  the 
former  is  always  less  than  the  latter,  it  follows  that  tho 
force  with  which  a  carriage  bears  u^juu  an  inclined  road  is 
less  than  its  actual  tight.  In  the  foregoing  example,  it 
is  about  two  pounds  less;  but,  unless  the  inclination  is 
very  steep,  it  is  not  necessary  to  distinguish  the  differenco 
of  pressure,  as  the  jiressure  may  be  aijsuiiied  to  bo  equal 
to  tho  weight  of  the  carriage. 
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If  the  resistance  which  is  to  bo  overcome  in  moving  a 
carriage,  at  a  given  rate,  upon  a  horizontal  road,  be  ex- 
pressed bj  R,  then  r  +  f  is  the  resistance  in  ascending  a 
hill,  and  r  —  f  descending  a  hill,  with  the  same  velocity ; 

neglecting  the  decrease  in  tlio  weiglit  of  tlic  carriage  pro- 
duced hj  the  inclination  of  the  road.  Taking,  however, 
this  decrease  into  consideration,  the  following  modification 
in  the  formnlaa  (1.)  and  (2.)  will  be  requisite  to  adapt 

tlium  to  an  inclined  road 

B  =  .  COS    qp  (w  +  w)  ,  sin  ^  +  c  v  .  (5.) 

in  the  case  of  •  common  stage  wagon ;  and  in  that  of  a 
stage  coadi, 

*  =  cos  /5  T  (w  +  «)  .  sb  ^  +      .  (6.), 

the  upper  sign  being  taken  when  the  vehicle  is  drawn  down 

the  incline,  and  the  lower  when  it  is  drawn  up  the  same. 

To  ascertain  the  resistance  in  passing  up  or  down  a  hill, 
therefore,  the  resistance  on  a  level  road  is  first  to  be  calcu- 
lated, by  Eule  1,  page  53.  To  this  is  to  be  added  the  force 
necessary  to  sustain  the  carriage  on  the  incline,  in  ascending, 
calculated  by  Bule  2,  page  55 ;  or,  in  descending,  the  same 
force  is  to  be  subtracted  from  the  resistance  on  a  level. 

As  an  example,  take,  as  before,  the  case  of  a  stage  coach 
weighing  2,060  lbs.,  besides  a  load  of  1,100  lbs.,  at  a  velo- 
city of  9  ft.  per  second,  up  a  broken  stone  road  of  which 
the  surface  is  covered  with  dust,  and  which  is  inclined  at 
the  rate  of  one  iu  thirty. 

The  force  to  sustaia  the  coach,  oa  this  slope  is,  by  Bule  2, 

^  =  106-8  lbs. 

Adding  this  force  to  the  force  already  found  at  page  53, 
requisite  to  move  the  same  coach  on  a  level  road,  the  sum 

is  (100-3  +  lol  1  =)  23G-4  lbs.,  for  the  force  required  to 
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( 


move  tlie  coach  with  a  velocity  of  9  ft.  per  second  up  the 
inclined  road  of  one  in  thirty.  To  draw  the  coach  dawn  the 
same  incline,  at  the  aame  velocity,  the  resulting  force  re- 
quired is  the  difference  of  tlie  two  forces  already  found,  or 
it  is  (13M  -  105-3=)  25-8  lb, 
The  same  example  worked  by  formula  (6)  will  gire 

2060  -h  1100\  ^ 
— jQQ  )  -9995  +  (20G0  +  1100)  -OSSS  +(8x9) 

=  236*3  lbs,  when  the  carriage  is  drawn  up  the  incline ; 
and 

.2060  +  1100\  ^^^^  .  ^^^^^  ^^^^  ,^ 

(  jgg  )  -9996  -  {2060  +  1100)  -0888  +  (8  x  9) 

s=  26*84  lbs.,  when  the  carriage  is  drawn  down  the  incUne» 

the  result  being  the  same  as  that  given  by  tlie  rule. 

The  following  table  has  been  calculated  in  order  to  show, 
with  sufficient  exactness  for  most  practical  purposes,  the 
force  required  to  draw  carriages  over  inclined  roads,  and 
the  comparative  advantage  of  such  roads  and  those  whicli 
are  perfectly  level.  The  first  column  expresses  the  rate 
of.  inclination,  and  the  second  the  equivalent  angle ;  the 
two  next  columns  contain  the  force  requisite  to  draw  a 
common  stage  wagon  weighing  with  its  load  6  tons,  at  a 
velocity  of  4*4  ft.  per  second  (or  3  miles  per  hour)  along  a 
macadamized  road  in  its  usual  state,  both  when  ascending 
and  descending  the  hill ;  the  fifth  and  sixth  columns  con- 
tain the  length  of  level  road  which  would  bo  equivalent  to 
a  mile  in  length  of  the  incUned  road,  that  is,  the  length  of 
level  road  which  would  require  the  same  mechanical  work 
to  be  expended  in  drawing  the  wagon  over  it,  as  would 
be  necessary  to  draw  the  wagon  over  a  mile  of  the  in- 
clined road.^  The  next  four  columns  contain  the  same 
information  as  the  four  just  described,  with  reference  to  a 
stage  coacli  supposed  to  weigli  with  its  load  3  tons,  and  to 
travel  at  the  rate  of  8*8  ft.  per  second,  or  6  miles  per  hour. 
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Tablb  No.  4.— Bbsi8Tanc£  to  Tiuotion  om  Incliked  IIoau*. 


« 

Foa  A  Staor  Wagov* 

For  a  Staor  Coacb. 

N 

§ 

G  tons  gross. 

S  tons  gi-oes. 

M 

R 

o  a  j 

C  J3  . 

.a  eS 

1 

1 

t 

M 

s 

. 

as  9) 
V  tt  a 

w  w  ^ 
fi  Of 

§•0  P 

'3 
»i 

fe  r 

.a  *  o 
fi  S  c 

Qi  it'" 

s 

>    CJ  « 

-  S  5 

ft  O 

•g  «^ 

<u  o 

O  O  tJ 

>  O  \» 

Equivalent  longt 
of  level  road  for 
dtaetnding  coach. 

M 

M 

o 

f 

II 

Ibe. 

ItMS. 

Miles. 

lbs. 

lbs. 

Miles. 

Miles. 

1  in  GOO 

0 

5 

44 

286 

941 

373 

'i  \f\ 

X  uou 

•9690 

„  675 
„  660 

0 

6 

69 

287 

04.0 

1  'ORQ 

•9116  , 

373 

i  UoZ 

•9G76 

0 

6 

16 

288 

•9074  1 

874 

o4y 

1  '01^ 

•9662 

„  525 

0 

6 

33 

289 

o  o 

•9029 

374 

1  UoO 

•9G46 

„  500 

0 

6 

53 

291 

9^.7 

1  •!  09 

•8979  ' 

375 

^4R 

i  UO  / 

•9629 

475 

0 

7 

14 

292 

1  '\ 07 

•8920 

376 

1  -nio 

1  UO  J 

•9606 

„  4.>Q 

0 

7 

38 

294 

1-111 

•8SG9  , 

i  377 
377 

Otl 

•9588 

„  425 

„  4no 
„  375 

0 

8 

6 

296 

Aval 

1*190 

'8801 

1  '041 
X  V'xO 

•9563 

0 

8 

36 

297 

*b.  O  v 

1  '1  9R 

•8725  ' 

'  378 

1  '04  A 
X  v^D 

•9635 

0 

9 

10 

300 

2 '2  8 

•8642 

380 

1  •04Q 

-9505 

„  350 

0 

9 

49 

302 

1-14(1 

•8543 

381 

1  "OtI 
X  UUu 

•9169 

„  325 
„  300 
„  290 
„  280 

V  270 

0 

10 

35 

305 

'292 

A  Ivi 

•8433 

382 

141 

1  •0/5  A 
1  UuO 

•9430 

0 

11 

28 

309 

210 

1*17A 

•8301 

384 

X  vol 

•9381 

0 

11 

51 

310 

217 

1  •!  7fi 
X  X  /  o 

•8245 

386 

ooo 

1  •0A4 

•9358 

0 

12 

17 

312 

216 

1  -1  ft9 

•8179 

386 

OuO 

1  'OAA 
X  uuv) 

•9336 

0 

12 

44 

314 

214 

^  Alt 

X  i  09 

•8111 

386 

117 

1  -OAR 

-9314 

„  2G0 
„  250 

u 

13 

13 

315 

912 

X  1  o\} 

•8039 

387 

lift 

1  '07  1 
1  U/  X 

•9286 

0 

13 

45 

317 

910 

1  '9041 

•7963 

388 

coo 

1  -074 

•9269 

„  240 

0 

14 

19 

320 

A  aA« 

•7876 

390 

nil 

"1  •077 

•9226 

„  230 

0 

14 

67 

322 

90/5 

1  '999 

•7785 

391 

119 

1  -ORO 
1  UOU 

•9192 

„  2'20 

0 

15 

37 

325 

90 

1  •9'?9 

X 

•7C83 

392 

lit 

1  'ORd 

•9156 

M  210 

0 

16 

?? 

328 

900 

£.\}\j 

1  '94^ 

•7573 

.394 

1  -ORR 
1  Uoo 

•9115 

„  2U0 

0 

i7 

331 

1  Q7 

I  •9.'>'? 
X  ^t/ V 

•7451 

395 

1  -009 

•9071 

„  190 

0 

18 

? 

334 

Ids 

1*9lift 

A  aOQ 

•7319 

397 

1  •f.Q7 

•9024 

„  180 

0 

19 

0 

338 

1  ftQ 

1  •'■>R'? 

•7171 

399 

294 

1  '1  01 
X  1  uo 

•8968 

„  170 

0 

20 

13 

343 

1 S5 

1  -xon 

1  OUVJ 

•7004  i 

401 

199 

1  •!  no 

•8908 

,  160 

0 

•21 

29 

'  848 

1  RO 

1  •'i  1  Q 

•G814 

404 

190 

1  -1  1  A 
X  1  lU 

•8839 

„  150 

0 

22 

55 

353 
I  360 

174 

1-341 

-6587 
•6369  1 

406 

317 

1-123 

•8761 

„  140 

0 

24 

33 

luo 

l'o04 

410 

Ol4 

1  loi 

•8673 

„  130 

0 

20 

27 

1  367 

160 

1-392 

•6079  i 

413 

310 

1-142 

•8573 

„  120 

0 

2S 

39 

;  376 

)52 

1-425 

•5752  . 

418 

306 

1-154 

•8461 

„  no 

0 

31 

15 

1  386 

142 

1-451 

•5491  • 

423 

300 

1-169 

•8308 

»  96 
„  90 

85 

«  SO 

0 

34 

23 

i  398 

129 

1-510 

•4903 

1  429 

294 

1-185 

•8142 

0 

86 

11 

'  405 

122 

1-537 

•4634  . 

432 

291 

1-195 

•8046 

0 

88 

12 

''  413 

114 

1*666 

•4338 ; 

1  436 

287 

1-206 

•7937 

0 

40 

27 

422 

106 

1-600 

•4004  , 

441 

282 

1-219 

•7801 

0 

42 

68 

;  432 
1 

96 

1-637 

•3629 

446 

278 

1-232 

•7677 
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Table  No.  4. — {Continued.} 
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Foft  A  8tao«  Waoox. 

Foil  A  8t.vo«  Ooa€B. 

i 

Qtoaagrwi. 

8  tona  gtotM* 

& 
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%  2^ 

a  IP  M 

•ass 

M  O  CO 

El  O  ^ 

.S  2.5 

A  m  ^ 
S  OS 
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>   >  ~ 
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o  . 

s 

.5 

ti 
K 
H 

1  S  bog 
0 

•§il 

1,  S 
r  ^ 

t- 

B  c  3 

0)  g  e 

Bate 

O 

O  c! 

§^  « 

& 

^-  «  c 

3   1^  Vj- 

ft  - 

e  § 

'  >  <u  s: 
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^rues. 

Miles. 
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lbs. 

Miles. 

Miles. 

1  m  /o 

0 

45 

51 
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85 

1680 
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„  70 

0 

49 

7 

4uu 

72 
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Tlie  foregoing  table  may  be  considered  as  affording  a 
yiow  of  the  oomparatiTe  disadvantage  of  hilly  roads  with 
light  and  heavy  traffic ;  the  stago  wagon  weighing  6  tons 
and  travelling  at  tlie  speed  of  o  miles  per  liour,  may  be 
taken  as  a  fair  average  for  goods  trafRc^  and  tlie  Btage 
ooaeh,  weighing  3  tons  and  running  6  miles  an  hour,  for 
passenger  traffic.  It  is  shown  that  the  resistance  on  hills 
is  much  more  unfavourable  to  the  wagon  than  to  the 
coach.  The  force  which  would  be  roquisite  to  move  the 
wagon  on  a  level  road  would  be  264  lbs,,  and  that  to 
move  the  coach  362  lbs.,  being  an  excess  of  98  lbs.  for  the 
traction  of  the  coach.  But,  with  a  road  inclined  at  the 
rate  of  1  in  600,  this  excess  is  only  (373  —  286  =)  87  lbs. ; 
and  when  the  inclination  of  the  road  amounts  to  about 
1  in  70,  the  forces  required  to  draw  them  become  equal. 
As  the  inclination  of  tlie  road  increases  beyond  this,  the 
excess  of  force  requisite  to  draw  the  waggon  over  that 
necessary  to  move  the  coach,  in(»eases  rapidly  until,  at  an 
inclination  of  1  in  7,  it  amounts  to  (2162  »  1308  =) 
854  lbs. 

Comparing  the  forces  required  to  draw  either  the  wagon 
or  the  coach  up  and  down  any  given  incline,  the  former  is 

as  much  greater  than  the  force  required  on  a  level  road  as 
the  latter  is  less.  It  miglit  thence  be  concluded  that,  when 
a  vehicle  passes  alternately  each  way  along  the  road,  no 
real  loss  is  occasioned  by  the  inclination  of  the  road,  since 
ab  jiiuch  power  is  gained  iu  the  descent  of  the  hill  as  is  lost 
in  its  ascent.  Such  is  not,  however,  practically  the  fact, 
for  whilst  it  is  necessary  in  the  ascending  journey  to  have 
either  a  greater  number  of  horses,  or  more  powerful  horses, 
than  would  be  requisite  if  the  road  were  entirely  level,  no 
corresponding  reduction  can  be  made  in  the  descending 
journey.  There  must  be  horses  sufficient  to  draw  the  vehicle 
along  the  level  portions  of  the  road ;  nor,  generally  speak- 
ing, have  the  horses  less  to  do  in  descending  the  hUl; 
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since  they  frequently  are  required  to  push,  back,  to  prevent 
(lie  speed  of  the  coach  from  being  accelerated  to  a  rate 
beyond  the  limits  of  safety. 

In  a  practical  sense,  therefore,  it  may  be  considered  that 
the  fifth  and  ninth  columns  in  the  foregoing  table  express 
the  length  of  level  road  which  would  be  equivalent  to  a 
mile  of  road  with  the  stated  inclination,  the  fifth  giving 
the  result  for  heavy  traffic,  and  the  ninth  for  passenger 
traffic.  For  instance,  against  the  incline  1  in  75,  there  is 
a  length  of  1*247  miles,  or  about  a  mile  and  a  quarter,  in 
the  ninth  colunm,  given  9S  the  equivalent  length  of  level 
road  for  1  mile  of  ascent  on  the  incline,  in  the  sense  that 
the  same  quantity  of  work  of  traction  would  be  requisite 
to  move  a  coach  of  3  tons,  at  a  velocity  of  6  miles  per  hour, 
along  one  as  along  the  other.  But,  in  other  respects,  the 
indine  might  be  more  advantageous  than  the  level ;  for 
instance,  the  shorter  ixjad  would  cost  less  for  repair,  and 
would  be  passed  over  in  less  time.  The  table,  therefore, 
merely  expresses  the  equivalent  length  as  far  as  the 
mechanical  work  required  for  the  traction  is  concerned. 

From  the  results  of  Sir  John  MacneiUs  experiments  on 
tractional  resistance,  page  52  ante.  Professor  Mahan  de« 
duces  that  the  angle  of  repose  in  the  first  case  is  repre- 
sented by -j^^Vi  or  1  in  71*34  nearly;  and  that  the  slope 
of  the  road  should  therefore  not  be  greater  than  one  per* 
pendicular  to  71*34  in  length;  or  that  the  height  to  be 
ascended  must  not  be  greater  than  one  seventy-iirst  part 
of  the  distance  between  the  two  points  measured  along 
the  road,  in  order  that  the  force  of  friction  may  counteract 
that  of  gravity  in  the  descent  of  the  road. 

"  A  similar  calculation  will  show  that  the  angle  of  repose 
ia  the  other  cases  will  be  as  fellows : — 

No.  2,      .      •      •    1  to  50*9  nearly* 
3,      •       .      •    1  to  36*1  „ 
I,  4,       •       •       •    1  to  16  99 
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*'  These  numberSi  whidi  give  the  angle  of  repose  between 
1  in  36*1  and  1  in  50*9  for  the  kinds  of  xoad-coYering, 

Nos.  3  and  2,  in  most  ordinary  use,  and  corresponding  to  a 
road-Burface  in  good  order,  may  be  somewhat  increased, 
to  firom  1  in  28  to  I  in  3d,  for  the-  ordinary  state  of  the 
surface  of  a  well-kept  road,  without  there  being  any  neces- 
sity for  applying  a  brake  to  the  wheels  in  descending,  or 
going  out  of  a  trot  in  ascending.  The  steepest  gradient 
that  can  be  allowed  on  roads  with  a  broken-stone  coYerin|^ 
is  about  1  in  20,  as  this,  fi*om  experience,  is  found  to  be 
about  tlie  angle  of  repose  upon  roads  of  this  character  in 
the  state  in  which  they  are  usually  kept.  Upon  a  road 
with  this  inclination,  a  horse  can  draw,  at  a  walk,  his  usual 
load  for  a  -  level  without  requiring  the  assistance  of  an 
extra  horse ;  and  experience  Lab  furtiicr  shown  tliat  a 
horse  at  the  usual  walking  pace  will  attain,  with  less 
apparent  fatigue,  the  summit  of  a  gradient  of  1  in  20  in 
nearly  the  same  time  that  he  would  require  to  xeaoih  the 
same  point  on  a  trot  over  a  gradient  of  1  in  33. 

A  road  on  a  dead  level,  or  one  with  a  continued  and 
uniform  ascent  between  the  points  of  amyal  and  departure, 
where  they  lie  upon  different  levels,  is  not  the  most  &your- 
able  to  the  draft  of  the  horse.  Each  of  these  tseums  to 
fatigue  him  more  than  a  line  of  alternate  ascents  and 
descents  of  alight  gradients ;  as,  for  example,  gradients  of 
1  in  100,  upon  which  a  horse  will  draw  as  heavy  a  load 
with  the  same  speed  as  upon  a  horizontal  road. 
"The  gradients  should  in  all  cases  be  reduced  as  far  as 
practicable,  as  the  extra  ex^tion  that  a  horse  must  put 
forth  in  overcoming  heavy  gradients  is  very  considerable ; 
they  should,  as  a  general  rule,  therefore,  be  kept  as  low  at 
least  as  i  in  33,  wherever  the  ground  will  admit  of  it. 
-  This  can  generally  be  effected,  even  in  ascending  steep 
hill-sides,  by  giving  the  axis  of  the  road  a  zig-zag  direc- 
tion^ connecting  the  straight  portions  of  the  zig-zags  by 
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drcnlar  arcs.   The  gradients  of  the  coryed  portionB  of  the 

zig-zags  sliould  bo  reduced,  and  the  roadway  also  at  these 
points  should  be  widen  ed,  for  the  safety  of  yehicles  descend* 
ing  rapidlj.  The  width  of  the  road  may  be  increased  about 
one-fourth,  when  the  angle  between  the  straight  portions 
of  the  ziz-zags  is  from  120°  to  90° ;  and  the  increase  should 
bo  nearly  one-half  where  the  angle  is  from  90^  to  60°."* 

NoTB  BT  THB  Ediiob. — Sir  Johu  Haoneil,  in  1896, 
maintained  that  no  road  was  perfect  unless  its  gradients 
were  equal  to  or  less  than  1  in  40.  In  thus  limiting  the 
ruling  gradient  to  1  in  40,  he  juetiEes  the  assertion  by 
the  much  greater  outlay  for  repair  on  roads  of  steeper 
gradients.  For  instance,  he  adduces  as  a  fact  not  generally 
known,  that  if  a  road  has  no  greater  inclinations  than 
1  in  40,  there  is  20  per  cent,  less  cost  for  maintenance  than 
for  a  road  having  an  inclination  of  1  in  20.  The  additional 
cost  is  due  not  only  to  the  greater  iiijury  by  the  action  of 
horses*  feet  on  the  steeper  incline,  which  has  already  been 
noticed,  but  also  to  the  greater  wear  of  the  road  by  the 
more  frequent  necessity  for  sledging  or  braking  the  wheels 
of  vehicles  in  descending  the  steeper  portions. 

Professor  Mahan,  it  has  been  seen,  page  62,  recom- 
mends, as  a  general  rule,  that  the  gradients  should  be 
kept  as  low  as  1  in  33;  whilst  M.  PumaSi  engineer-in« 
chief  of  the  Frendi  Fonts  et  Chaussees,  writing  in  1843,t 
recommoudcd,  as  a  maximum  rato  of  inclination,  1  in  50  ; 
for,  he  says,  "not  only  are  the  surfaces  of  steeply-inclined 
roads  subjected  to  abrasion  by  the  feet  of  horsies  dambeiing 
up  the  hill,  but,  in  tiie  intervals  of  rest,  loose  stones  are 
placed  as  props  behind  tho  wheels  of  vehicles,  which  are 
usually  allowed  to  remain  where  they  have  been  tempo- 
rarily placed,  and  may  be  the  causes  of  serious  accidents.'' 

•  "A  Treatise  on  Civil  Engineering,"  by  D.  H.  Mahan,  2ud  edition^ 

|>age  407. 

t   Annalcs  des  Ponts  et  Cbaussees/'  2nd  series,  1  SemesUre,  1813, 
page  343. 
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r 

Besides,  he  states  as  the  result  of  experience,  tbat  on 

broken-stone  roiids,  in  perfect  condition,  tlio  refeistance  to 
traction  is  l-dOtk  of  the  gross  weight,  or  45  lbs.  per 
ton^  for  wMch  the  angle  of  repose  is  1  in  50 ;  and  he  adds^ 
'with  scientific  acuteness,  ''that  for  the  ascent  of  an  incline 
of  1  in  50,  the  traction  force  reqmred  is  just  cLmhlo  that 
which  is  required  on  the  level."  ^ '  iividentl j, ' '  he  continues, 

there  is  no  danger,  under  such  conditions,  in  maHng  the 
descent,  since  it  requires  but  the  slightest  efiEbrt  to  dieck 
the  vehicle ;  wliildt,  in  ascending,  the  horses  can,  wilhuut 
trouble,  exert  double  the  customaiy  force  for  a  short  time/' 
In  fact,  horses  can  easily  enough  surmount  gradients  of 
more  than  8  per  cent.,  or  1  in  83,  at  a  trot^  on  roads  in 
mediocre  condition. 

M.  Dupuit  recommends  for  the  maximum  gradients  of 
roads — 

For  metalled  roads  •  •  3  per  cent,  or  1  in  33 
For  paTemeota   •        .        •  2      „        1  in  50 

It  can  but  be  obserred,  upon  the  foregoing  evidence, 
that  8ir  John  Macneil's  proportion  of  1  in  40  for  the 

niaximuni  .slopes  of  roads,  is  most  nearly  an  average  of  the 
deductions  which  have  been  cited. 

But  there  is  another  condition — the  Tniniinuin  longi- 
tudinal  slope  of  a  road.  It  i^ould  not  be  quite  level,  for 
provision  must  be  made,  by  inclining  the  road,  for  running 
off  8 uif ace -water.  The  minimum  slope  is  ^ed  by  one 
authority  at  1  in  80 ;  by  another,  at  half  a  degree,  or  1  in 
115 ;  and  by  the  Corps  des  Fonts  et  Ohauss5es,  at  1  in  125* 

In  the  Second  i\irt  of  this  work,  by  the  Editor,  he  has 
given  an  analysis  of  the  liolling  or  Circumferential  Re- 
sistance of  Wheels. 
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WuEBS  hills  or  gradients  axe  unavoidable,  tkey  ahould  bo 
made  as  easy  as  possible;  and,  although  a  certain  amount 
of  additional  power  must  I>e  required  to  draw  a  carrL  ige 

up  a  hill,  compared  with  the  resistance  on  a  level,  yet  so 
long  as  the  inclination  is  within  a  certain  limit,  the  hilly 
road  may  be  considered  as  safe  as  a  level  road.  This  limit 
depends  upon  the  nature  and  condition  of  the  surface  of 
the  road,  and  it  is  attained  in  any  ^^articular  case  when 
the  inclination  of  the  road  is  made  equal  to  the  limiting 
angle  of  resistance  for  the  materials  composing  its  surface ; 
that  is,  when  it  is  such  that  a  carriage  once  set  in  motion 
on  the  road,  would  just  continue  its  descent  without  any 
additional  force  being  applied.  When  this  limit  is  ex- 
ceeded, the  carriage  descends  with  an  accelerated  Telocity, 
unless  the  horses  or  other  force  he  employed  to  restrain 
it ;  and,  although,  in  such  a  case,  the  use  of  a  drag,  by 
increasing  the  resistance,  would  in  a  measure  obviate  the 
danger,  yet  the  injury  done  to  the  surface  of  the  road  by 
the  use  of  the  drag  renders  it  desirable  tu  avoid  the  use  of 
it  altogether.  The  following  table,  taken  from  the  second 
volume  of  the  Budiments  of  Civil  Engineering,"  shows 
ihe  rate  of  inclination  at  which  this  limit  is  attained  on 
the  various  kinds  uX  roads  mentioned  in  the  Urst  coluiuu. 

F 
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The  values  of  tke  resistances  on  which  this  table  is  calcU' 
lated  are  tiiiose  given  by  8ir  John  Macneil: — 


•a 

i 

k 

o 

Greatest  inclination 
"Which    shovild  he 
given  to  the  road. 

• 

BiBBriptimi  of  tlM  load. 

Force  in  lbs.  rec 
to  move  a  ton' 

Limiting  angle  ( 
sistance. 

Well-laid  pavement      «        •  • 
Broken  stone  suxface  on  a  bottom  of  i 

ron2-h  pavement  or  concrete    .        .  / 
Broken  stone  surfkco  laid  on  an  old  flint ) 

road     .         •         •         •  / 
Gravel  road       •        •        •  • 

31*4 

44 

62 

140 

0  48 

1  n 

1  35 

3  35  j 

lin7l 
lin51 

lin  36 

1  in  16 

The  following  table  of  gi'adients  is  of  considerable  value 
in  laying  out  and  arranging  roads.  The  £rst  column  con- 
tains the  gradient^  expressed  in  the  ratio  of  the  height  to 
the  length ;  the  second  and  third  columns  contain  the  ver- 
tical rise  in  a  milo  and  a  chain  respectively ;  the  fourth 
column,  the  angle  of  inclination  with  the  horizon ;  and  the 
last  colamn,  the  sine  of  the  same  angle,  which  is  inserted 
for  facilitating  the  calculutiuu  of  the  rctii^tunccs  occasiouuiJ 
by  the  gradieut 
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Tablb  No.  5.~ Gradients  and  Angles  of  Ikclinatiom  of  Roads* 
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Width  4nd  2yan9wne  JSeetian  of  Moad^, — It  is  ireoom* 
mended  ihat  roads  skould  be  wide.    It  is  an  error  to 

suppose  that  tlio  cost  of  repairing  a  road  depends  entirely 
upon  tlio  extent  of  its  surface,  and  increases  with,  its  width. 
The  cost  per  mile  of  road  depends  more  upon  the  extent 
and  the  nature  ef  the  traffic;  and  it  may  he  asserted, 
generally,  that  the  same  quantity  of  material  is  necessary 
for  the  repair  of  a  road,  whether  wide  or  narrow,  subjected 
to  the  same  amoimt  of  traffic.  On  the  nairow  road^  the 
traffic,  being  confined  Tory  much  to  one  track,  the  road 
would  be  worn  more  severely  than  when  the  traffic  is 
spread  over  a  larger  surface.  The  expense  of  spreading 
the  material  over  the  wider  road  would  be  somewhat 
greater,  but  the  cost  for  material  might  be  taken  as 
the  same.  One  of  the  advaxttages  of  a  wide  road  is,  that 
the  ail'  and  the  sun  exercise  more  influence  in  keeping  its 
surface  dry.  The  £rst  cost  of  a  wide  road  is  certainly 
greater  than  that  of  a  narrow  road, — ^nearly  in  the  ratio 
of  the  widths. 

For  roads  situated  between  towns  of  importance,  and 
exposed  to  much  traffic,  the  width  should  not  be  less  than 
30  ft.,  which  would  admit  of  four  vehicles  abreast ;  besides 
a  footpath  of  6  ft.  In  the  immediate  vicinity  of  large 
towns  and  cities,  the  width  should  be  greater. 

The  form  of  the  cross  section  of  a  road  is  a  subject  of 
much  importance,  and  it  is  one  upon  which  much  difference 
of  opinion  exists.  Some  persons  advocate  a  considerable 
degree  of  curvature  in  the  upper  surface  of  the  road,  with 
the  view  of  facilitating  the  drainage  of  its  surface  ;  whilst 
others  are  averse  to  a  road  being  much  curved.  It  is  the 
practice  of  others,  again,  to  form  the  road  on  a  flat  surface 
transversely;  whilst  others  give  a  dip  to  the  formation- 
surface  each  way  from  the  centre,  supposing  that  the 
drainage  of  the  road  is  thereby  facilitated. 

The  only  advantage  resulting  from  the  curving  of  the 
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transverse  section  of  the  road  is,  that  the  water,  which 

would  otherwise  collect  upon  its  surface,  is  allowed  to  drain 
freely  off  into  the  side  ditches.  It  has  been  urged  that, 
in  laying  on  fresh  material  upon  a  road,  it  is  necessary  to 
keep  the  centre  much  higher  than  the  sides ;  because,  in 
consequence  of  tlie  greater  nunilier  of  carriages  uhiug  the 
middle  of  the  road,  that  portion  wears  more  quickly  than 
the  sidesi  and  that,  unless  it  is  made  originally  much 
higher,  when  so  worn  it  necessarily  forms  a  hollow  or 
depression,  from  which  water  cannot  drain.  Now  it  is 
entirely  OYerlooked  by  those  who  advance  this  argument, 
that  the  cause  of  carriages  using  the  middle  in  preference 
to  the  sides  of  a  road,  is  its  rounding  form,  since  it  is  only 
in  that  situation  that  a  carriage  stands  upright.  If  the 
road  were  comparatively  ^t,  every  portion  would  be 
equally  used ;  but  on  veiy  conyez  roads,  the  middle  is  the 
only  portion  of  the  road  on  which  it  is  safe  to  travel.  On 
this  subject^  Mr.  Macadam  remarks,  in  his  evidence  before 
a  committee  of  the  House  of  Oommons,"*^  ''I  consider  a 
road  should  be  as  flat  as  possible  with  regard  to  allowing 
the  water  to  run  oil'  it  at  all,  because  a  carriage  ought  to 
stand  upright  in  travelling  as  much  as  possible.  I  have 
generally  made  roads  3  in.  higher  in  the  centre  than  I 
have  at  the  sides,  when  they  are  18  ft.  wide;  if  the  road 
be  smooth  and  w  ell  made,  the  water  will  run  off  very 
easily  in  such  a  slope.*'  And,  in  answer  to  the  question, 
"Do  you  consider  a  road  so  made  will  not  be  likely  to 
wear  hollow  in  the  middle,  so  as  to  allow  the  water  to 
stand,  after  it  has  been  used  for  some  time?"  he  replies, — 
No ;  when  a  road  is  made  flat,  people  will  not  follow  the 
middle  of  it  as  they  do  when  it  is  made  extremely  convex. 
Gentlemen  will  have  observed  that  in  roads  very  convex, 
travellers  generally  follow  the  track  in  the  middle,  whidi 

^  Parlismeiitary  Bepcrt  on  the  High^ys  of  the  Kingdom,  1919t 
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10  the  only  place  where  a  carriage  can  ran  nprigLt,  hy 

■which  means  three  furrows  aro  made  by  the  horses  and 
the  wheels^  and  water  oontinually  stands  there ;  and  I 
think  that  more  water  actuallj  stands  upon  a  yezy  conrez 
road  than  on  one  which  is  reasonably  flat."  On  the  same 
Buhject,  Mr.  Walker  remarks,*  A  road  much  rounded  is 
dangerous,  particularly  i£  the  cross  section  approaches 
towards  the  segment  of  a  drdOf  the  slope  in  that  case  not 
being  unifonn,  but  increasing  rapidly  from  tiie  nature  of 
the  curve,  as  "w  u  depart  from  the  middle  or  vertical  line. 
The  over-rounding  of  roads  is  also  injurious  to  them,  by 
either  confining  the  heavy  caniagea  to  one  track  in  the 
crown  of  the  road,  or^  if  they  go  upon  the  sides,  by  the 
greater  wear  they  produce,  from  their  constant  tendency 
to  move  down  the  inclined  plane,  owing  to  the  angle 
which  the  surface  of  the  road  and  the  line  of  gravity  of 
the  load  form  with  each  other;  and,  as  this  tendency  is 
perpendicular  to  the  line  of  draught,  the  labour  of  the 
horse  and  the  wear  of  the  carriage  wheels  axe  both  much 
increased  by  it."  f 

The  drainage  of  the  surface  of  the  road  is  then  the  only 
useful  purpose  answered  by  making  it  convex.  But  the 
surface  of  a  road  is  much  more  efficiently  drained  by  a 
email  indination  in  the  direction  of  its  length,  than  by  a 
much  p^eater  transverse  slope.  On  this  subject,  Mr. 
Walker  has  very  justly  remarked,  J  **  Clearing  the  road  of 
water  is  best  secured  by  selecting  a  course  for  the  road 
which  is  not  horizontally  level,  so  that  the  surface  of  the 
road  may,  in  its  longitudinal  section,  form,  in  some  degree, 
an  inclined  plane;  and  when  this  cannot  be  obtained, 
owing  to  the  extreme  flatness  of  the  oountiy»  an  artificial 

*  Euliuneatary  Report,  1S19,  pago  49. 

t  Benuirks  on  the  evils  of    barreled  road%*'  as  they  were  callodt 
have  been  made  in  the  Hiutorical  cliaplcr,  page  4. — Ennoa* 
X  Farliameatary  Kcport,  1819,  page  4S. 
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inclination  may  generally  be  made.   When  a  road  is  00 

formed,  every  wheel-track  that  is  made,  being  in  the  line 
of  inclination,  becomes  a  channel  for  carrying  o£P  the  water 
mucli  more  effectually  than  can  he  done  by  a  curvaturo  in 
the  eroBS  section  or  rise  in  the  middle  of  the  road,  without 
the  danger  or  other  disadvantages  which  necessarily  attend 
the  rounding  a  road  much  in  the  middle.  I  consider  a  fall 
of  about  11  inches  in  10  feet  to  be  a  minimum  in  this  case, 
if  it  is  attainable  without  a  great  deal  of  extra  expense/' 
Whilst,  then,  the  advantages  attending  the  extreme  con- 
vexity of  roads  is  so  small,  the  disadvantages  axQ  consider- 
able. On  roads  so  constructed^  Tehides  must  either  keep 
to  the  crown  of  the  road^  and  so  occasion  an  excessive  and 
unequal  wear  of  its  surface,  or  use  the  sides,  with  the 
liability  of  being  overturned.  The  evidence  of  coach- 
masters  and  others,  taken  before  the  committee  of  the 
House  of  Commons,  and  appended  to  the  report  already 
quoted  from,  fully  bears  out  the  view  hero  taken,  and 
shows  that  many  accidents  have  arisen  from  the  practice 
of  forming  roads  with  an  excessive  amount  of  convexity. 

With  reference  to  the  above  remarks,  it  is  only  intended 
to  express  disapproval  of  the  practice  of  forming  roads 
with  cross  sections  rounding  in  an  extreme  degree  and 
not  to  advocate  a  perfectly,  or  nearly,  flat  road,  as  many, 
who  have  fidlen  into  the  opposite  error,  have  done.  It  is 
recommended,  as  the  best  form  which  could  be  given  to  a 
road,  that  its  cross  section  should  be  formed  of  two  straight 
lines  inclined  at  the  rate  of  about  1  in  30,  and  connected 
at  the  middle  or  crown  of  the  road  by  a  segment  of  a 
circle,  having  a  radius  of  about  90  feet.  This  form  of 
section  is  shown  in  Fig.  22,  and  the  rate  of  inclination 
there  given  is  quite  sufficient  to  keep  the  surface  of  a 
road  drained,  provided  it  is  maintained  in  good  order, 
free  from  ruts.  If  the  maintenance  is  neglected,  no 
degi  uu  oi  couvoxity  which  can  be  given  to  the  road  will 
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be  of  any  ayaili  as  fhe  vater  will  remain  in  the  hollows  or 
furrows. 

The  form  of  cross  section  here  suggested  is  equally 
adapted  to  all  widths  of  road,  as  the  straight  lines  have 
merely  to  be  extended  at  the  same  rate  of  indinationi 
until  they  meet  tiie  sides  of  the  road. 

Professor  Maliaii  is  of  the  same  opinion  with  respect  to 
the  proper  section  of  a  road — ^namely,  that  it  should  be 
formed  of  two  straight  sidesi  connected  at  the  middle  by  a 
flat  circular  are.  The  slope  which  he  recommends  is  1  in 
48,  or  1  incli  in  1  feet. 

With  regard  to  the  form  which  should  be  given  to  the 
bed  upon  whidi  the  road  is  to  be  formed^  a  aimilar  dif- 
ference of  opinion  exists  as  to  whether  it  shoidd  be  flat 
or  rounding.  Except  where  the  surface  upon  which  the 
road  is  to  be  formed  is  a  strong  day,  or  other  soil  imper- 
Tious  to  water,  no  benefit  results  as  far  as  drainage  is  con- 
cerned, in  maldng  tlie  formation-surface  or  bed  of  the  road 
conyex.  It  should  bo  borne  in  mind  that,  after  tlio  road 
materials  are  laid  upon  the  formation-surface,  and  have 
been  for  some  time  subjected  to  the  pressure  of  heavy 
vehicles  passing  over  them,  they  become,  to  a  certain 
extent,  intermixed :  the  road  materials  are  forced  down 
into  the  soil,  and  the  soil  works  up  amongst  the  stones, 
and  the  original  line  of  separation  becomes  entirely  lost. 
If  the  surface  upon  which  the  road  materials  are  laid 
were  to  remain  a  distinct  flat  surface,  perfectly  even  and 
regular,  into  which  the  road  materials  could  not  be  forced, 
then  it  would  be  useful  to  give  such  an  inclination 
to  it  as  would  allow  any  water  which  might  find  its  way 
through  the  crust  or  covering  of  the  road,  to  run  off 
to  the  sides.  Even  so,  it  would  have  to  force  a  passage 
between  the  road  materials  and  the  siu^face  on  which 
they  rest.  Such  is,  however,  far  from  being  the  case; 
and,  therefore,  unless  under  peculiar  circumstances,  no 
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water  wliibh  finds  its  way  through  the  hard  compact  surface 
of  the  road  itself  is  arrested  by  the  comparatiyely  soft  sur- 
face of  its  bed,  and  carried  off  into  the  side  ditclies,  what- 
erer  the  slope  which  might  be  given  to  the  bed.  While, 
however,  it  is  believed,  that,  as  far  as  drainage  is  con- 
cerned, it  is  useless  to  form  the  bed  or  formation  surface 
of  the  road  with  a  transverse  slope,  it  should,  nevertheless, 
be  formed  to  the  same  outline  as  that  recommended  for  the 
outer  suiflEice ;  making  the  two  surfaces  parallel,  and  thus 
bestowing  an  equal  depth  of  road  material  over  eyery 
portion  of  the  road.    Nevertheless,  some  road-makers  not 
only  recommend  a  less  depth  of  road  materials  to  be  put 
on  the  sides  than  on  the  middle  of  the  road,  but  they 
further  advise  that  an  inferior  description  of  material 
should  be  employed  at  the  sides.     On  this  subject  the 
following  remarks  of  Mr.  Hughes  are  very  much  to 
the  purpose;* — ''A  very  common  opinion  is,  that  the 
depth  of  material  in  the  middle  of  the  road  should  be 
greater  than  at  the  sides,  but,  for  my  part,  I  have  never 
been  able  to  discover  why  the  sides  of  the  road  should  be 
at  all  inferior  to  the  middle  in  hardness  and  solidify.  On 
the  contrary,  it  would  be  a  great  improvement  in  general 
travelling,  if  carriages  could  be  made  to  adhere  more 
strictly  to  the  rule  of  keeping  the  proper  side  of  the  road ; 
and  the  reasonable  inducement  to  this  practice  is,  obvi- 
ously, to  make  the  sides  equally  hard  and  solid  with  the 
middle.    In  many  roads,  oven  where  considerable  traiilo 
exists,  the  only  good  part  of  the  road  consists  oi  about 
8  or  10  feet  in  the  middle,  the  sides  being  formed  with 
small  gravel  quite  unfit  to  carry  heavy  traffic ;  and  the 
consequence  is,  that  the  whole  crowd  of  vehicles  is  forced 
into  the  centre  track  of  the  road  j  thus  at  least  doubling 
or  trebling  the  wear  and  tear  which  would  take  place  if 

•  "The  rracticG  of  Making  and  liepairing  Roada,"  by  Thumas 
Hughee,  1838,  page  12. 
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the  Bides  were,  as  they  ought  to  he,  equally  good  with  the 
centre.  Another  mischieyous  consequence  is,  that  when  it 

becomes  necessary  to  repair  the  centre  of  the  road,  the 
carriages  are  driren  oif  the  only  good  part  on  to  the  sides, 
which  consiBt  of  weak  material,  and  are  often  eyen  dan- 
gerous for  the  passage  of  heayily-laden  stage  coaches.  On 
the  other  hand,  if  equal  labour  and  materials  bo  expended 
on  the  whole  breadth  of  the  road,  it  is  evident  that  the 
wear  and  tear  will  be  far  more  unifonn ;  and  when  any 
one  part  requires  repair,  the  traffic  may  with  safety  he 
turnod  on  to  another  part.  Hence,  I  should  always  lay  on 
the  same  depth  of  material  all  oyer  the  road ;  and  this 
alone  will  of  course  render  it  necessaxy  to  ourye  the  bed 
of  the  road." 

Great  attention  should  be  paid  to  the  drainage  of  roads, 
with  respect  to  their  upper  surface  as  Avell  as  to  the  sur- 
face of  the  ground  on  which  they  rest.  To  promote  the 
surface-drainage,  the  road  should  he  formed  with  the 
transverse  section  shown  in  Fiir,  22,  and  on  each  side  of 
the  road  a  ditch  should  be  formed  of  sufficient  capacity  to 
receiye  all  the  water  which  can  fall  upon  the  road,  and  it 
shoxdd  he  of  such  a  depth  and  with  such  a  decliyity  as  to 
conduct  the  water  freely  away.  When  footpaths  arc  to  be 
constructed  on  the  sides  of  the  road,  a  channel  or  w  ater- 
course should  be  formed  between  the  footpaths  and  the 
road,  and  small  drains,  formed  of  tiles  or  earthem  tubes, 
such  as  are  used  for  underdraining  lands,  should  be  laid 
under  the  footpath,  at  such  a  level  as  to  take  off  all  the 
water  which  may  collect  in  this  channel,  and  conyey  it 
into  tiie  ditch*  In  the  best  constructed  roads,  these  side 
channels  are  paved  with  flints  or  pebbles.  The  draina 
under  the  footpath  should  be  introduced  about  every 
60  feet^  and  should  have  the  same  inclination — ^namely,  1 
in  SO,  as  is  recommended  for  the  sides  of  the  road,  as 
shown  in  Pig.  22.   A  greater  inclination  would  be  objec- 
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tionable.    It  is  a  very  frequent  miBtake  fo 

give  too  great  a  fall  to  small  drainSj  for  such 
a  current  througli  them  is  produced  as  may 
▼ash  awaj  or  undermine  the  ground  around 
them,  and  ultimately  cause  their  destruction. 
When  a  drain  is  onco  closed  by  any  obstruc- 
tion, no  am  unt  of  fall  which  could  be  given 
to  it  would  su£ice  again  to  dear  the  passage ; 
whilst  a  drain  having  a  considerable  current 
through  it,  would  be  much  more  likely  to  be 
stopped  by  foreign  matter  carried  into  it,  than 
a  drain  with  a  less  rapid  stream. 

When  the  surface  of  a  road,  constructed  of 
suitable  materials,  compactly  laid,  is  drained 
in  the  manner  which  has  just  been  described, 
rery  little  water  finds  its  way  to  the  sub- 
stratum. Tot  some  descriptions  of  soil,  how- 
over,  it  is  desirable  to  adopt  additional  means 
for  maintaining  the  foundation  of  a  road  in  a 
dry  state;  as,  for  instance,  when  the  surface 
is  a  strong  clay  through  which  no  water  can 
percolate,  or  when  the  ground  beneath  the  road 
is  naturally  of  a  soft,  wet,  or  peaty  nature 
Under  such  drcnmstances  a  species  of  under- 
drainage  ahould  be  provided.  When  the  sur- 
face of  tlio  ground  is  foraied  to  the  level 
intended  for  the  reception  of  the  road  materials, 
trenches  should  be  cut  across  the  road  firom  a 
foot  to  eighteen  inches  in  depth,  and  about  a 
foot  wide  at  the  bottom,  the  sides  being  sloped 
as  shown  in  Fig.  23.  The  distances  at  which 
these  drains  should  be  formed  depends  in  a 
great  measure  on  the  nature  of  the  soil ;  in  the 
case  of  a  strong  clay  soil,  or  a  soil  which  is 
naturally  very  wet,  there  should  be  a  cross 
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drain  at  intervals  of  20  fk.  As  the  ground  becomes  firmer 
and  drier,  the  interval  may  be  increased  in  length.  A  drain 
not  leas  than  4  inches  square  intemallj  should  be  formed  in 
thetrenoh,  of  oldbrickSi  drain-tiles,  or  flat  stones,  as  shown 
in  Fig.  23 ;  or  the  drain  may  be  formed  by  any  other  mode 
used  for  under-drains ;  and  the  remainder  of  the  trench 
should  be  £lled  with  coarse  stones  free  from  all  clay  or 

Formation  Surface, 


dirt,  in  the  manner  shown  in  the  figure.   These  drains 

must  liave  a  fall  from  the  centre  of  the  road  into  the  ditdies 
on  either  side :  an  inclination  of  1  in  30  will  be  sufficient. 
When  the  road  is  level  in  the  direction  of  its  length,  the 
drains  should  run  square  across ;  but,  on  inclined  portions 
of  the  road,  the  drains  should  be  formed,  as  shown  on  the 
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plan,  Fig.  24,  somewhat  in  the  form  of  a  very  flat  V,  the 
apex  being  in  the  middle  of  the  road,  and  the  drains  mak- 
ing an  obtuse  angle  with  the  line  of  the  road,  in  the  direc- 
tion in  which  it  falls.  The  amount  of  this  angle  should 
not  be  greater  than  is  shown  in  Fig.  24. 

When  a  road  with  footpatlis  is  underdrained  in  the 
sianner  just  describedi  it  is  not  necessary  tQ  form  drains  from 
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the  side  channel  under  the  foufcpath  into  the 
ditchi  as  shown  in  Fig.  22.  It  is  suiiicieiit  to 
cany  up  a  little  ehafty  oonstnicted  in  the  same 
way  as  the  drain,  from,  the  drain  to  the  dian* 
nel,  covering  tlie  isliaft  with  a  small  grating 
to  prevent  leaves  or  other  substances,  which 
might  choke  tiie  drain,  from  being  carried  into 
it.  This  method  of  fbrming  the  drains  is 
shown  at  A  in  Fig.  25. 

The  footpath  should  be  not  more  than  9 
inches  higher  than  the  bottom  of  the  side  chan- 
nel. The  surface  of  the  footpath  should  haye 
a  pitch  of  2  inches,  towards  the  side  channels, 
to  convey  its  surface-water  into  them.  When 
the  natural  soil  is  £rm  and  sandy,  or  gravelly, 
its  surface  will  senre  for  the  footpath;  but  in 
other  cases  the  natural  soil  must  be  thrown 
out  to  a  depth  of  G  in.,  and  the  excavation  filled 
with  hue  clean  gravel*  To  prevent  the  foot- 
path from  being  damaged  by  the  current  of 
water  in  the  side  channel,  its  side  slope,  next 
to  the  side  channel,  must  be  protected  by  a 
fiacing  of  good  sods,  or  of  dry  stone. 

Independently  of  the  drainage  for  marshy 
soils,  they  will  require,  when  the  subsoil  is  of 
a  spongy  elastic  natui'e,  an  artificial  bed  for 
the  road-covering.  This  bed  may,  in  some 
cases,  be  formed  by  simply  removing  the 
upper  stratum  to  a  depth  of  several  feet,  and 
supplying  its  place  with  well-packed  gravel, 
or  any  soil  of  a  lirni  character.  In  other 
cases,  when  ihe  subsoil  yields  readily  to  the 
ordinary  pressure  that  the  road-surface  must 
bear,  a  bed  of  brushwood  from  9  to  18  in. 
in  thicknesS|  must  be  ibrmed  to  receive  the 
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BoU  on  which  the  road-coTering  is  to  rest.   The  brush-' 

wood  should  Lc  carefully  fiolcetod  from  the  long  straigiit 
slender  slioots  of  the  branches  or  undergrowth,  and  bo 
tied  up  in  bundlesi  termed  f<mine»f  from  9  to  12  in.  in 
diameter,  and  from  10  to  20  ft.  long.  The  fascines  are 
laid  in  altLrnate  layers  crosswise  and  lengtliwisc,  and  the 
layers  ai*e  either  connected  by  picketSi  or  else  the  withes, 
with  which  the  fascines  are  bound,  are  cut  to  allow  the 
brushwood  to  form  a  uniform  and  compact  bed. 

This  method  of  securing  a  good  bed  for  structures  on  a 
weak  wet  soil  has  been  long  practised  in  Holland|  aud 
ej^kerienoe  has  fully  tested  its  excellence* 
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It  has  Leon  maintained,  by  Mr.  Macadam  and  otliers, 
that  a  soft  and  yielding  foundation  for  a  road  is  better 
than  one  which  is  firm  and  unyielding.  Mr.  Macadam  has 
stated  thai  he  "  should  rather  prefer  a  soft  one  to  a  hard 
one;"  and  even  a  bog,  if  it  was  not  such  a  bog  as  would 
not  allow  a  man  to  walk  over  it."  *  The  principles  upon 
which  this  opinion  was  founded  were,  that  the  road  on  the 
soft  foundation  being  more  yielding  or  elastic,  the  materials 
of  wliicli  the  covering  of  the  road  was  formed  would  be  less 
likely  to  be  crushed  and  worn  away  by  the  passage  of  a 
heavy  traffic  over  them  than  when  placed  on  a  hard  solid. 
The  contrary  opinion  is,  howeyer,  maintained  by  the  largest 
number  of  advocates;  and  it  is  certain  tiiat  there  is  no  more 
general  cause  of  bad  roads  tlian  soft  foundations.  A  firm^ 
solid,  and  dry  substratum  is  necessary  for  the  road  mate- 
rials to  rest  upon.  However  good  tiie  materials  themselves 
may  be,  and  however  much  care  may  be  bestowed  upon 
the  distribution  of  tliem,  the  material  and  labour  are  of 
no  avail  unless  a  good  foundation  has  been  prepared.  The 
outer  surface  of  the  road  should  be  regarded  merely  as  a 
covering  to  protect  the  actual  working  road  beneath,  which 
should  be  sufficiently  firm  and  substantial  to  support  the 
whole  of  the  traffic  to  be  carried  over  it.  The  proper  func- 
tion of  the  road  materials  is  to  protect  the  actual  road  ^m 
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being  worn  and  injured  by  horses'  feet  and  wbeels,  or  by 
the  action  of  the  weather.  This  lower,  or  sub-road^  as  it 
may  be  called,  being  once  properly  conatructed,  would  last 
for  ever,  provided  that  the  outer  case  or  bovering  is  re- 
newed from  time  to  time,  so  as  to  maintain  a  eiiffident 
depth  for  the  protection  of  the  sub-road. 

Eoads  may  be  classed  as  follows,  according  to  the  manner 
in  which  the  foundation  is  fonned  :— 

1st.  !Roads  having  no  artificial  foundation,  but  in  which 
the  covering  materials  are  laid  on  the  suiface  of  the 
ground. 

2nd.  Beads  having  a  foundation  of  eoncrete. 

Srd.  Beads  having  a  paved  foundation. 
And  each  of  these  might  bo  sub-divided  according  to  the 
kind  of  material  employed  as  a  covering. 

The  £rst  class  of  roads  comprises  by  far  the  lai^iest  pro- 
portion of  the  roads  in  this  coimtry.  But  it  should  only 
be  employed  in  cases  where  the  road  is  not  sufficieutly 
important  to  warrant  any  large  expenditure,  and  where 
the  anticipated  amount  of  traffic  is  small. 

Every  care  should  be  taJcen  to  make  the  road  as  solid  as 
possible.  If  the  ground  is  at  all  of  a  soft  or  wet  nature, 
deep  ditches  should  be  cut  on  each  side  of  the  line  of  the 
road,  and  cross  under -drains  should  be  formed  in  the 
manner  already  described  at  page  76.  And  where  the 
ground  is  very  soft,  a  layer  of  faggots  or  brushwood,  from 
4  to  6  inches  in  depth,  should  be  laid  over  the  surface  of  the 
ground  to  receive  the  road  materials.  For  embankments, 
or  in  other  situations  where  the  ground  has  been  recently 
deposited,  the  surface  should  bo  either  rolled  or  punned^ 
that  is,  beateu  with  heavy  beetles,  so  as  to  confer  upon  it 
as  great  a  degree  of  solidity  as  possible.  The  same  mode 
of  proceeding  shotdd  be  followed,  even  where  it  is  intended 
to  form  either  a  paved  or  a  concrete  foundation. 

The  employment  of  concrete  composed  of  gravel  and 
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lime  was  first  proposed  by  Mr.  Thomas  Hughes,  and  the 
following  remarks  upon  its  use  are  quoted  from  his  work 
on  roads : — * 

''The  use  of  lime  concrete,  althongh  an  introduction  of 
modem  times,  and  certainly  one  of  rather  a  novel  charac- 
ter, derives  its  real  origin  from  a  very  remote  period.  We 
have  indisputable  evidence  that  the  BomanSi  in  construct- 
ing their  military  ways,  particularly  in  France,  adopted  tiie 
practice  of  forming  a  concrete  foundation  composed  of 
gravel  and  lime,  on  which  also  tliey  placed  large  stones  as 
a  pavement.  The  consequence  of  a  construction  so  solid 
has  been,  that,  in  many  parts  of  Europe,  the  original  bed 
or  crust  of  the  Boman  roads  is  not  at  the  present  day  eu- 
tiroly  worn  down,  even  after  a  lapse  of  fifteen  centuries. 

"  With  the  view  of  affording  a  modern  example  in  which 
lime  concrete  has  been  used,  I  would  refer  to  the  Brixton 
Bead,  where  a  concrete  composed  of  gravel  and  lime  has 
been  recently  applied  by  Mr.  Charles  Penfold,  surveyor  to 
the  trust.  In  this  case  the  proportion  of  gravel  to  lime  is 
that  of  four  to  one.  The  lime  is  obtained  from  Merstham 
or  Dorking,  and  before  being  used  it  is  thoroughly  ground 
to  powder.  The  concrete  is  made  on  tlie  surface  of  the  road, 
and  great  care  is  taken,  when  the  water  is  added,  that  every 
particle  of  the  lime  is  properly  slaked  and  saturated.  The 
bed  of  concrete  having  been  spread  to  the  depth  of  6  inches 
over  the  half  breadth  of  the  road,  the  surface  is  then 
covered  over  with  6  indies  of  good  hard  gravel  or  broken 
stone,  and  this  depth  is  laid  on  in  two  courses,  of  3  inches 
at  a  time,  the  first  course  being  frequently  laid  on  a  few 
hours  after  the  concrete  has  been  placed  on  the  road.  The 
carriages,  however,  are  not  on  any  account  allowed  to  pass 
over  it  until  the  concrete  has  become  sufficiently  hard  and 
solid  to  carry  the  traffic  without  suffering  the  road  material 
to  sink  and  be  pressed  into  the  body  of  concrete.    On  the 

♦ 
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other  hand,  the  covering  of  gravel  is  always  laid  on  before 
the  concrete  has  become  quite  hard,  in  order  to  admit  of  a 
more  perfect  binding  and  junction  between  the  two  beds 
than  would  take  place  if  the  concrete  were  suffered  to  be- 
come hard  before  laying  on  the  first  con  <  ring.  The  Leno- 
£cial  effect  arising  from  the  practice  of  laying  on  the  gravel 
exactly  at  the  proper  time  ie^  that  the  lower  stones,  pressed 
by  their  own  weight,  and  by  those  above  them,  sink  par- 
tially into  the  concrete,  and  thus  remain  fixed  in  a  matrix, 
from  whirli  they  could  not  easily  be  dislodged.  The  lower 
pebbles  being  thus  £xed,  and  their  rolling  motion  conse- 
quently preyented,  an  immediate  tendency  to  bind  is  com- 
municated to  the  rest  of  the  material — a  fact  which  must 
be  evident,  if  we  consider  that  the  state  called  binding,  or 
rather  that  produced  by  the  bindings  is  nothing  more  than 
the  solidity  arising  from  the  complete  fixing  and  wedging 
of  every  part  of  the  covering,  so  that  the  pebbles  no  longer 
possess  the  power  of  moving  about  and  rubbing  against 
each  other.  It  is  found  that,  in  a  reiy  few  days  after  the 
first  layer  has  been  run  upon,  the  other,  or  top  covering, 
may  be  applied  ;  and,  shortly  afterwards,  tlie  concrete,  and 
the  wholo  body  of  road  material,  becomes  perfectly  solid, 
from  top  to  bottom.  The  contrast  thus  presented  to  the 
length  of  time  and  trouble  required  to  effect  the  binding 
of  road  materials  Avhero  the  whole  mass  is  laid  on  loose 
is  alone  a  very  strong  recommendation  in  favour  of  the 
ooncrete. 

The  experiment  of  using  ooncrete  on  the  Brixton  Bead, 

although  not  at  present  on  a  very  extensive  scale,  Las  been 
ti'ied  under  circumstances  very  far  from  being  favourable, 
and  on  a  part  of  the  road  which  had  hitherto  baffled  eveiy 
attempt  to  make  it  solid.  Since  the  concrete  has  been  laid 

down,  however,  there  is  not  a  firmer  piece  of  road  in  the 
whole  trust." 

.  Mr*  Penf  old  gives  the  result  of  an  experiment  made  by 
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him  upon  the  Walworth  Eoad.  *^It  was  raised  by  nine 
inches  of  concrete^  and  six  of  granite  and  Kentish  rag- 
stone  mixed ;  and  in  some  parts  it  was  coTered  by  rag  and 

flints.  The  improvement  is  so  great,  with  respect  to  the 
draught,  and  so  desirable  with  respect  to  the  saving  in  the 
aonual  repair,  that  the  trust  ha^e  directed  it  to  be  applied 
to  upwards  of  two  miles  of  load  upon  which  the  greatest 
traffic  exists.*'  * 

One  of  the  principal  advantages  attending  the  employ- 
ment of  concrete  as  a  foundation  for  roads  is,  that  a  good 
and  solid  road  may  be  made  with  materials,  such  as  round 
pebbly  gravel,  which,  on  any  other  iiiude  of  aj)]_)lication, 
would  be  ill-suited  to  the  purpose,  and  would  form  a  very 
imperfect  road.  This  description  of  grayel  is  that  which 
is  by  far  the  most  frequently  met  with.  The  gravel 
selected  for  this  purpose  should  be  free  from  any  kind  of 
dirt,  clay,  or  other  impurity,  and  should  consist  of  stones 
and  sand,  mixed  in  about  such  proportions  that  the  latter 
wotild  just  fill  the  interstices  of  the  former.  The  gravel 
fclioiild  then  be  nuxod  witli  the  proper  cpiantily  of  ground 
unslaked  lime — ^in  ordinary  cases  £ve  or  six  parts  of 
gravel  and  one  of  lime  will  be  found  to  answer ;  after 
which,  sufficient  water  being  added  to  effect  the  slaking 
of  the  lime,  tlio  wliolo  should  bo  quickly,  but  thoroughly, 
mixed  up,  and  then  immediately  thrown  into  place,  and 
trimmed  off  at  once  to  the  proper  form  intended  to  be 
given  to  its  u^  |  t  surface ;  the  first  layer  of  broken  stones 
or  screened  gravel  sliould  then,  as  Mr.  Hughes  directs,  be 
placed  just  as  the  concrete  is  about  to  set. 

The  third  mode  of  forming  an  artificial  foundation  was 
introduced  by  Mr.  Telford.  It  consists  in  laying  a  rough 
pavement  on  the  top  of  tlio  formation-surface,  which  is 
afterwards  covered  by  the  road  materials.   The  following 

*  **  Prantical  Treatise  on  the  best  Moio  of  Making  and  Repairing 
lUMtds/'  by  Charles  Penfold,  p.  31. 
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Is  an  extract  from  one  of  Mr.  Telford's  specifications  for  a 
X)ortion  of  the  Holyhead  Eoad : — Upon  the  level  bed  pre* 
pared  for  the  road  materials,  a  bottom  course  or  layer  of 
stones  is  to  be  set  by  hand,  in  form  of  a  close,  firm  pave- 
ment ;  the  stones  set  in  the  middle  of  the  road  are  to  be 
7  inches  in  depth :  at  9  feet  from  the  centre,  5  inches ;  at 
12  from  the  centre,  4  inches ;  and  at  15  feet,  3  inches. 
They  are  to  be  set  on  their  broadest  edges  lengthwise 
across  the  road,  and  tho  breadth  of  the  upper  edge  is  not 
to  exceed  4  inches,  in  any  case.  All  the  ii-regularities  of 
the  upper  part  of  the  said  pavement  are  to  be  broken  oE 
by  the  hammer,  and  all  the  interstices  to  be  filled  with 
stone  chips,  firmly  wedged  or  pcicked  by  hand,  with  a  light 
hammer ;  so  that  when  the  whole  pavement  is  finiohed, 
there  shall  be  a  convexity  of  4  inches  in  the  breadth  of 
15  feet  £rom  the  centre."  ^ 

The  stone  which  Telford  employed  for  this  purpose,  was 
generally  such  as  would  have  been  totally  unfit  for  most 
other  purposes,  whether  on  account  of  its  inferior  quality, 
or  the  smallnesB  of  its  dimensions.  In  comparing  the  two 
methods  of  furming  ariilicial  foundations  oi"  roads,  regard 
mu&t  be  had  to  the  nature  of  the  materials  found  in  the 
locality  in  which  the  road  is  to  be  formed.  Where  stone  is 
plentiful,  and  easily  procured,  the  paved  foundation  would 
be  tho  best ;  a\  hilst,  where  stone  is  scarce,  and  gravel 
and  lime  abundant,  the  preference  must  bo  given  to  the 
concrete  foundation. 

The  foundation  of  the  road  having  been  prepared,  tho 
next  proceeding  is,  to  hiy  a  firm  and  compact  covering 
upon  the  foundation,  to  form  a  smooth  surface  for  carriages 
to  travel  upoxu  The  materials  of  which  the  covering  is 
composed  should  possess  the  property  of  becoming  quickly 
tmited  into  one  solid  mass,  of  which  the  surface  should  be 
smooth  and  hard,  and  at  the  same  time  not  liable  to 

•  Sir  H.  Famdl  on  Bosds,  p.  13«. 
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be  broken  to  pieces,  or  ground  into  dust,  by  -v^heels  or 
horses'  feet.  The  materials  which  have  been  employed  for 
this  purpose  are  of  two  kinds;  angular  fragments  of 
broken  stone  of  different  sorts,  and  grayelly  pebbles.  It  is 
essential  to  the  formation  of  a  good  road  that  the  distinc- 
tion here  pointed  out  be  always  kept  clearly  in  view, 
because  a  totally  diEerent  mode  of  proceeding  must  be 
adopted  to  form  a  perfect  road  with  these  two  dasses  of 
material.  The  want  of  attention  to  the  distinction  hero 
pointed  out  has  led  to  much  discusisiou  and  misapprehen- 
sion on  the  employment  of  clay,  chalk,  or  other  material, 
as  a  binding  upon  xoads. 

If  the  materials  of  which  the  coyering  is  to  be  formed 
are  in  angular  masses,  no  binding  of  any  description  is 
requisite ;  as  they  quickly  become  united  by  dovetailing, 
as  it  were,  amongst  each  other— much  more  firmly  thaii 
they  would  by  the  use  of  any  kind  of  artificial  cement. 

When  the  stones,  instead  of  being  angular,  are  round 
and  pebbly,  like  gravel  stones,  it  is  necessary  to  mix  with 
them  just  sufficient  foreign  matter,  of  a  binding  nature,  as 
wiU  serye  to  fill  up  the  interstices  between  the  stones,  for 
otherwise  these  would  roll  about,  and  would  prevent  the 
road  from  becoming  solid. 

There  are,  then,  two  methods  of  cementing  or  solidifying 
tiie  surHaoe  of  a  road :  one,  by  the  mechanical  form  of  the 
materials  themselves  forming  a  species  of  bond ;  the  other, 
by  the  use  of  some  cementing  or  binding  matter.  And  in 
comparing  the  relatiye  merits  of  the  two,  the  preference 
must  certainly  be  given  to  the  former,  that  in  whidi  the 
stones  are  united  in  virtue  of  their  angular  form,  mthout 
the  use  of  any  cementing  material.  The  principal  reason 
for  this  preference  is,  that  roads  formed  with  stones  to 
united,  are  not  materially  affected  by  wet  or  frosty 
weather ;  whereas,  roads  whose  surfaces  are  composed  of 
pebbly  stones  united  by  cementing  materialj  become  loose 
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and  rotten  under  Bucih  circumstances :  the  cementing  mate- 
rial becoming  softened  by  tko  wut,  and  reduced  to  a  loose 
pulverulent  condition  by  subsequent  frost. 

The  first  metliodt  that  of  forming  the  road-coyering 
entirely  with  angular  pieces  of  stone,  without  any  other 
materiiil,  was  first  strongly  recommended  by  Mr.  Macadam, 
and  subsequent  experience  has  shown  its  superiority  over 
evexy  other  which  has  been  employed.  The  most  im- 
portant quality  in  stone  for  road-making  is  toughamn :  mere 
hardness  without  toughness  is  of  no  use,  as  such  stone  be- 
comes rapidly  reduced  to  powder  by  the  action  of  wheels. 
Those  stones  which  have  been  foimd  to  answer  this  pur- 
pose best  are,  the  whinstones,  basalts,  granites,  and  beach 
pebbles.  The  softer  descriptions  of  stone,  such  as  tho 
sandstones,  arc  not  fitted  for  this  purpose,  being  far  too 
weak  to  resist  the  crushing  action  of  wheels.  Tho  harder  and 
more  compact  limestones  maybe  employed ;  but,  generally 
speaking,  the  limestones  are  to  be  avoided,  in  consequence 
of  tlieii*  groat  affinity  for  water,  by  wliicii  in  frosty 
weather,  which  has  been  preceded  by  wot,  they  are  split 
up  into  powder,  when  the  solidity  of  the  road  is  de« 
stroyed. 

Next  in  importance  to  the  quality  of  tho  stone  is  its 
preparation.  This  consists  in  reducing  it  to  angular  frag- 
ments of  such  a  size  that  they  will  pass  freely  through  a 
ring  of  2i  inches  in  diameter,  in  every  direction ;  that  is^ 
that  their  largest  dimensions  shall  not  exceed  that  mea- 
sure. 

Tho  stone  thus  prepared,  should  be  evenly  spread  over 
the  surface  prepared  for  the  foundation  of  the  road,  to  * 
depth  of  about  G  inches ;  and  the  road  should  then  be 
opened  for  traffic.  In  Mr.  Telford's  specifications,  ho 
usually  directed  that,  on  the  top  of  this  coating  of  broken 
stone,  a  layer  of  good  dean  gravel,  about  1|  indi  in 
depth,  should  be  spread  befbretlirowiug  the  road  open  for 
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lue.  Tho  roason  for  this  practice  was,  to  lesson  the  ex- 
treme unevonnesB  of  tho  surface,  and  to  render  the  road 

more  pleasant  to  pass  over  when  first  opened.  It  would 
be  bettor,  however,  for  the  public  to  put  up  with  the  teni- 
poraij  inconveni^ce  of  a  rough  road,  because  the  grayel 
does  a  permanent  injury  to  the  road,  and  reduces  in  a 
considerable  degree  tho  facility  with  which  the  stones 
unite  into  a  compact,  solid  mass. 

Broken  stone,  being  superior  to  gravel  for  the  purpose 
of  road-maldng,  should  always  be  employed  where  it  can 
be  easily  obtained.  The  quality  of  gravel  varies  so  consider- 
ably, that  while  some  kinds  may,  when  properly  prepared, 
fozm  a  very  excellent  road,  others  may  bo  entirely  worth- 
less ;  such  as  those  kinds  of  gravel  the  stones  composing 
which  are  of  the  sandstones  and  flints,  for  even  flints, 
although  liard,  arc  so  excessively  brittle  as  to  bo  immedi- 
ately crushed  by  the  passing  of  the  wheels  over  them. 
The  gravel  when  taken  from  the  pit  should  be  passed  over 
a  screen  which  will  allow  all  stones  less  than  f  of  an  inch 
to  pass  through  it,  and  tho  fine  stuff,  or  hoggin,  as  it  is 
technically  termed,  thus  obtained,  should  be  reserved  for 
forming  tho  footpaths;  the  remainder,  which  has  not 
passed  through  the  screen,  should  have  all  the  stones 
whose  greatest  dimension  is  more  than  2^  inches  removed 
and  broken,  and  it  would  be  desirable  that  these  broken 
stones  should  be  reserved  for  tho  upper  layer.    In  screen- 
ing tiie  gravel,  especially  as  it  comes  irom  the  pit,  a  cer- 
tain portion  of  loam  is  generally  found  adhering  to  the 
stones,  and  this  should  by  no  means  be  separated  from 
them,  for,  although  angular  broken  stones  require  no 
eiztraaeouB  substance    to  cause  them    to  bind,  the 
pebbles  of  which  most  gravel  is  composed,  require  a  cer- 
tain amount  of  loam,  clay,  or  chalk,  to  lUl  up  tho  inter- 
stices between  the  stones,  and  to  prevent  them  from  being 
rolled  about^  as  they  otherwise  would  be*   The  gravel 
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thus  prepared  by  soreening  Bhould  be  laid  on  and  spread 
to  a  uniform  deptb  of  not  more  than  6  inches  over  the 

whole  surfaco. 

On  this  ftubjecti  Mr.  Hughes  says  — Inlaying  on  this 
upper  oovering  many  surveyors  oommit  a  great  error  in 
not  making  a  distinct  difiEerenoe  between  angular  or 

broken  stones  and  those  rounded  smooth  pebbles  of  which 
gravel  is  usually  composed.  The  former  cannot  be  too 
well  cleaned  before  being  laid  on  the  road,  because,  even 
when  entirely  diyested  of  all  earthy  matter,  they  soon 
become  wedged  and  bound  closely  together  when  the  pres- 
sure of  carnages  comes  u|)uii  them.  But  the  case  is  dif- 
ferent with  the  smooth,  round  surfaces  of  gravel ;  for  if 
this  material  be  entirely  cleaned  by  means  of  washing 
and  repeated  siftings,  the  pebbles  will  never  bind,  untU 
in  a  great  measui*e  they  become  ground  and  ^^  orn  down 
by  the  constant  pressure  and  rubbing  against  each  other. 
Before  this  takes  place,  the  surface  of  the  road  must  be 
considerably  weakened,  and  will,  in  fact,  be  incapable  of 
supporting  the  pressure  of  heavy  wheels,  which  conso- 
cj^uently  sink  into  it,  and  meet  with  considerable  resistance 
to  their  progress.  Under  these  circumstances,  it  seems 
that  the  practice  of  too  scrupulously  cleaning  the  rounded 
pebbles  of  gravel  must  be  decidedly  condemned ;  and  the 
question  then  arises,  to  what  extent  should  the  cleaning 
process  be  dispensed  with  ?  or,  in  other  words,  what  pro- 
portion of  ^e  binding  material  found  in  the  rough  gravel, 
as  taken  out  of  the  pit,  should  be  allowed  to  remain  in  the 
mass  intended  to  be  placed  on  the  road  ?  *  *  *  A  long 
course  of  experienco,  accompanied  by  attentive  observa- 
tions on  these  details  in  the  practice  of  road-making,  has 
convinced  me  that  it  is  much  better  and  safer,  as  a  general 
rule,  to  leave  too  much  of  the  bindiug  material  in  the 

♦  *'TlisFtafil4McfMa]dngimdBop«lringfU)ads,''p.  14. 


OONSTRVCriON  07  ROADS. 


89 


graydl  than  to  divest  it  too  oompletely  of  this  Bubstance. 

When  the  gravel  is  placed  on  a  road  without  being  sufii- 
ciently  cleaned,  the  constant  wear  and  tear,  aided  by  the 
oocuxxenoe  of  wet  weather,  oaiues  the  harder  material  or 
actual  gravel  to  he  pressed  dose  together;  and  the  surplus 
of  soft  binding  material  remaining  after  the  interstices  be- 
tween the  pebbles  are  filled  up,  being  then  forced  to  the 
top,  and  usually  mixed  with  water,  becomes  mud,  and 
according  to  the  usual  practice  should  be  scraped  to  Hie 
sides  of  the  road.  When  this  has  been  done,  the  surface 
is  usually  firm  and  solid  ;  because  the  hard  gravel  below 
the  mud  has  become  perfectly  bound,  without,  at  the  same 
time,  being  broken  or  ground  to  pieces*  Suppose,  neact, 
a  road  covered  with  gravel,  too  much  cleaned,  where  it  Is 
evident  that  the  destruction  of  the  gravel  will  continue 
until  it  becomes  broken  into  angular  pieces,  and  a  sufii- 
dent  quantity  of  pulverised  material  has  been  formed  to 
hold  the  stones  in  theur  places  and  thus  to  effect  the  bind* 
ing  of  the  mass.  I  need  hardly  say,  that  the  deterioration 
thus  occasioned  to  the  road  is  an  evil  of  much  more  im- 
portance, and  one  much  mora  to  be  avoided,  than  that 
occasioned  by  employing  stones  not  suffidently  deaned. 
Eegardless  of  all  tliis,  liowever,  it  is  the  practice  of  many 
road- surveyors  to  insist  that  all  gravel,  of  whatever  quality, 
shall  be  rendered  perfectly  dean  by  repeated  siftings,  and 
even  by  washing,  until  it  becomes  entirdy  divested  of  all 
that  may  properly  be  considered  the  binding  paxt  of  tLd 
material." 

Particular  care  and  attention  is  required  to  be  given  to 
new  roads  when  opened  for  traffic ;  a  suffident  number  of 

niuii  sliould  be  employed  to  keep  every  rut  raked  in  the 
moment  it  appears,  and  guards  or  fenders  should  be  placed 
on  the  road,  in  order  that  vehides  may  be  caused  to  pass 
over  every  part  of  the  surface  in  turn.  If  these  precautions 
aiQ  not  taken,  years  may  elapse  before  the  road  attains  a 
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firm  condiMon ;  and  many  roads  havo  been  permdneii% 

ruined  tlirough  want  of  bufTicioDt  attention  ^\  lion  first  used. 
When  ruts  are  onco  formed,  vehicles  using  the  road  keep 
in  the  same  track,  deepening  and  increasing  the  rut.  In 
wet  weather,  the  rut  is  filled  with  water,  which,  having  no 
other  means  of  escape,  slowly  penetrates  the  sides  and 
bottom  of  the  rut,  rendering  them  so  soit  as  to  be  more 
susceptible  to  the  action  of  eyeiy  succeeding  carriage* 
Euts  thus  formed,  involTC  a  much  larger  outlay  to  repair 
the  injury  than  that  which  would  have  been  sufficient  to 
prevent  it;  besides  the  inconvenience,  danger,  and  ex- 
pense to  the  public,  in  trayelling  on  a  road  in  such  u 
condition. 

Amongst  the  substances  wlu(^  were  mentioned  as  bind- 
ing material  to  be  mixed  with  clean  gravel,  was  chalk. 
Many  roads  have  been  ruined  by  its  improper  use.  There 
are  two  modes  in  which  chalk  may  advantageously 
employed  in  the  construction  of  roads.  It  may  be  laid  in 
the  reri/  bottom  of  the  road,  to  form  the  foundation ;  but  it 
must  be  at  siicli  a  depth  as  to  be  entirely  beyond  tho 
infiuence  of  frost,  otherwise  it  will  quickly  destroy  the 
road,  for  chalk  has  a  yery  powerful  affinity  for  water;  or 
rather,  to  speak  more  correctly,  capillary  attraction  for  it, 
in  consequence  of  which  it  readily  absorbs  all  the  moisture 
which  finds  its  way  through  the  road  coyenng.  Herein 
consists  the  yalue  of  chalk  if  judiciously  applied,  for  the 
water  thus  absorbed  would  otherwise  penetrate  to  the 
foundation  of  the  road  and  render  it  sofk.  If,  however, 
the  chalk  bo  placed  within  the  reach  of  frost,  the  water, 
which  is  only  mechanically  held  by  the  chalk,  will,  in  the 
act  of  congealing,  expand,  and  by  so  doing  rend  the  chalk 
into  fragments,  and  reduce  it,  in  fact,  to  a  pulverulent  state, 
in  which  condition  it  is  changed  by  the  succeeding  thaw 
into  a  soft  paste  or  mud.  The  other  purpose  for  which 
chalk  may  be  employed  is,  as  before  mentionedi  to  bo 
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mixed  with  gravel  in  ordor  to  make  it  bind ;  thoiigli,  in 
using  chalk  for  this  purpose,  it  is  only  required  when  the 
gravel  is  perfectly  clean  and  free  from  other  binding 
matter.  The  mixing  of  chalk  with  gravel  already  contain- 
ing sufficient  clay  or  loam  is  not  only  useless,  but  is  posi- 
tively injurious ;  and,  even  when  the  gravel  is  of  such 
a  nature  as  to  require  the  intermixture  of  chalk,  care 
should  be  taken  not  to  add  too  much  ohalk,  for  it  ia  not 
mth  chalk  as  with  the  loam  or  day,  with  which  gravel  is 
naturally  combined.  Clay,  generally  speaking,  possesses 
little  power  of  absorbing  water,  but  the  superabundant 
chalk  would  soon  be  reduced  to  the  state  of  a  soft  paste 
by  the  action  of  the  weather,  in  the  manner  which  has 
been  described.  Clialk,  therefore,  if  used  as  a  binding 
material  with  gravel,  on  the  surface  of  roads,  should  be 
reduced  to  a  state  of  powder,  and  should  be  perfectly  and 
thoroughly  mixed  with  the  gravel  before  the  latter  is  spread 
on  the  road. 

Although  the  use  of  bushes  or  bundles  of  faggots  has 
been  recommended  for  the  foundation  of  roads  over  very 
soft  or  boggy  ground,  they  should  only  be  employed  in 
such  a  situation,  and  they  should  be  placed  at  such  a  depth 
below  the  surface,  as  wiii  ensure  their  always  being  damp ; 
for  when  they  are  placed  where  tliey  would  be  alternately 
wet  and  dry,  they  quickly  become  rotten^  and  form  a  soft 
stratum  beneath  the  road. 

Note  by  the  Editor. — Mr.  Walker,*  in  1810,  speaking 
of  the  great  advantage  of  hlling  up  or  grouting  the  joints 
of  granite  pavement  with  lime-water,  which  finds  its  way 
into  the  gravel  between  and  under  the  stones,  and  forms 

thoTN  liolo  iiito  a  (  oik  rot o  mass,  made  a  suggestion  of  value, 
in  recommending,  for  the  same  purpose,  a  mixture  of  a 

•  Evidence  before  the  Select  CJommitt^e  on  iho  Highways  of  th« 
Kingdom,  ISIO. 
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litUo  of  the  borings  or  clippings  of  iron»  or  small  scraps  of 
hoop-]zott|  mth  the  gravd.  used  in  filling  up  the  joints  of  the 
paying.  The  water  would,  he  said,  yeiy  soon  create  an  oxide 
of  iron,  and  form  tlio  gravel  into  a  species  of  rock.  I  liavo 
seen/'  he  adds,  ^'apiece  of  rusty  hoop  taken  from  under 
water,  to  which  the  gravel  had  so  connected  itself  for  4 
or  5  inches  round  the  hoop,  as  not  to  be  separated  without 
a  small  blow  of  a  hammer.  And  the  cast-iron  pijpes  which 
are  laid  in  moist  gravely  soon  exhibit  the  same  tendency. " 
•  In  some  urban  distnots  a  certain  amount  of  the  cleanest 
of  the  road  drift  is  not  infrequently  used  for  binding  the 
metal  of  macadamised  roads,  but  it  does  not  answer  the 
purpose  so  well  as  whaj  is  known  as  hoggin,  and  in  the 
heat  oi  summer  it  is  liable  to  give  oU  offensive  odours. 
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Trk  impTOvement  of  euBting  xoads  may  be  divided  into 
two  distinct  branches ;  namely,  the  improvement  of  their 

general  course  and  levels,  and  the  imj^rovement  of  the 
materials  of  the  road.  The  £rst  of  these  consists  in  the 
application  of  the  principles  irhich  have  been  laid  down  for 
the  construction  of  new  roads,  and  consists  generally  in 
straiglitening"  their  course  by  extinguishing  imnecessary 
curves  and  bends  j  improving  their  levels  by  either  avoid- 
ing or  cutting  down  hills,  and  embanking  valleys ;  increas- 
ing their  width,  where  requisite,  and  rendexing  it  uniform 
throughout. 

With  regard  to  the  improvement  of  the  surface,  the 
operations  may  consist  in  reducing  the  transverse  section 
to  tiie  form  shown  in  Fig.  22,  page  75,  filling  up  all  ruts, 
cleansing  and  deepening,  if  necessary,  the  side  ditches, 
cutting  down  trees  or  hedges  by  the  side  of  the  road, 
removing  mud-banks  which  but  too  often  exist  on  the 
road-sides,  and  placing  proper  materials  on  its  surface* 

Of  all  these,  the  most  important  to  explain,  because  the 
most  difficult  to  elTect,  and  the  least  gonorally  understood, 
is  the  method  by  which  the  condition  of  the  surface  of  the 
road  may  be  improved.  In  the  practice  of  many  surveyors, 
the  remedy  for  a  bad  road  is  to  heap  on  fresh  material ; 
whereas,  as  Mr.  Macadam  has  very  justly  observed,* 
"  GeneraUy,  the  roads  of  the  kingdom  contain  a  supply 

«  Parliamentary  Bepoii,  1819,  p.  21. 
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of  materials  sufficient  for  tlioir  uso  for  several  years^  if 
thej  were  properly  lifted  and  applied."  Generally  speak- 
ing, the  cause  of  inferiority  is  the  imperfect  transverse 
form  of  the  roads,  and  the  improper  manner  in  which  tlio 
road-T^uiterials  are  used.  The  remedial  measui-es  to  be 
adopted  must,  in  a  great  degree,  depend  upon  the  nature 
of  lEelnaterials  composizig.  the  upper  surface  of  the  road ; 
but,  wJiatever  these  may  be,  the  road  must  be  broiig;lit  tu 
the  proper  form  of  section  before  much  improvement  can 
be  expected.^  This  should  be  done  by  cutting  down  thoge_ 
parts  which  are  too  high,  and  raising  the  depressed  parts. 
But  where  tlio  surface  of  tlio  road  is  so  rotten  or  brittle 
that  the  materials  lifted  oie  not  £t  to  be  again  used,  tlio 
renewal  may  be  done  gradually,  and  rather JgLthe  .addition^ 
of  fresh  material  to  the  lowest  paii».  Unless  the  materials 
of^TiicE  tEe  road  has  been  formed  are  found  to  be  brittle 
or  rotten,  or  to  be  ah'eady  very  thin,  the  course  to  be  pur- 
sued is  that  which  is  technically  termed  lifting  the  road," 
whid^  consistaJn  loosening  and. turning  tJia  aurfiice  of  flia 
road  to  a  depth  of  about  4  in.j  and  carefully  removing  such 
portions  of  the  materials  as  may  bo  found  in  an  improper 
state;  sueli  as  large  stones,  which  should  be  broken  into 
pieces  of  the  proper  dimensionsi  and  then  restored  to  th§», 
road.  *Wfiere,  howoyer,  the  materials  of  the  road  are  of 
such  a  nature  that  in  lifting  they  would  crumble  or  fall  to 
powder,  a  different  mode  of  proceeding  must  be  adopted  : 
the  surface  of  the  road  must  be  carefully  cleared,  of  mud^ 
and  dirt,  and  fresh  material,  prepared  as  described  in  the^ 
preceding  chapter,  sliould  be  laid  on  in  a  very  thin  coat, 
never  exceeding  at  one  time  3  inches,  and,  under  ordinaix 
circumstances,  not  more  than  2  inches  in  thickness.  Where 
the  surface  of  a  road,  although  hard,  is  foimd  to  be  very 
thin,  it  is  necessary,  instead  of  lifting  the  old  materials,  to 
add  a  fresh  coatj  and,  preparatory  to  doing  this,  it  is 
well  to  loosen  the  sui£aoe  of  the  road  with  a  picl^  so  that 
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tho  new  material  may  become  more  rapidly  incorporated 
vith  ilie  old  materiaL 

Automn  Is  the  ^Seai  season  of  the  year  for  repainog 
roads,  wlien  they  are  in  a  wet  state,  for  the  depressed  and 
soft  2^arts  of  tlio  ruad  aro  tlien  not  only  tho  most  readily 
detected,  but  the  surface  of  the  road  is  softer,  and  the  new 
materials  are  more  eaailj  worked  into  it.  Ab  was  observed^ 
the  quantity  laid  on  at  one  time  should  never  exeeed 
3  i IK  lies  in  depth ;  and,  generally  speaking,  a  half,  or  even 
a  third,  of  this  thickness  would  fiuficei  if  judiciously  em- 
ployed. It  is  certain  that  roads  are  more  fireqnently  spoilt 
by  haying  too  much  material  put  upon  them  than  by  having 
too  little.  On  this  subject  Mr.  Penfold,  whose  experience  in 
road-making  cannot  be  questioned,  reinarlcs  : — "It  is  one 
ci  the  greatest  mistakes  in  road-making  that  can  be  com- 
mitted, to  lay  on  thick  coats  of  materials,  and  when  under- 
stood, it  will  no  Ion  ger  bo  resorted  to.  If  there  bo  substance 
enough  abeady  in  tho  road,  which,  indeed,  should  always 
be  carefully  kept  up,  it  will  never  be  right  to  put  on  more 
than  a  stone^s  thickness  at  a  time.  A  cubic  yard,  nicely 
projtared  and  brolvcn,  as  before  described,  to  a  rod  super- 
hcial,  will  be  quite  enough  for  a  coat,  and  will  be  found  to 
last  as  long  as  double  the  quantity  put  on  unprepared  and 
in  thick  layers.  There  is  no  grinding  to  pieces  when  so 
applied ;  the  angles  arc  preserved,  and  tho  material  is  out 
of  sight  and  incorporated  in  a  very  little  time.  Each  stone 
becomes  fixed  directly,  and  keeps  its  place :  thereby  escap- 
ing  the  wear  and  fretting  which  occur  in  the  other  case."* 

Although  autumn  is  tlio  best  time  of  the  3  ear  for  repair- 
ing roads,  it  is  not  to  be  assumed  that  it  is  tho  only  season 
for  executing  repairs.  Beads  should,  so  to  speak,  be 
always  under  repair :  every  road  should  be  divided  into 
lengths,  on  each  of  which  an  intelligent  labourer,  who 

*    A  Fiactical  Tmtiso  on  the  l»cfit  Mode  of  Making  and  Bepaiting  * 
Bcttdfl^''  p.  M. 
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thoroughly  understands  his  business,  should  be  placed,  to 
attend  constantly  and  at  all  times  to  the  state  of  the  road, 

for  which  he  should  be  held  responsible.  His  duty  should 
consist  in  keeping  the  road  always  scraped  clean  and  &ee 
from  mud,  in  filling  any  ruts  or  hollow  placesi  the  moment 
they  make  their  appearance,  with  broken  stones.  A  supply 
of  broken  stones  should  bo  kept  in  depots  or  recesses  formed 
at  the  sides  of  the  road  at  intervals  of  a  quarter  of  a  mile. 
The  depots  should  be  capable  of  containing  about  30  cubic 
yards  of  material,  and  should  be  formed  with  walls,  so 
that  the  quantity  of  material  in  them  can  be  easily  mea- 
sured. Each  man  should  be  provided  with  a  wheelbarrow, 
a  shovel,  a  pickaxe,  and  a  scraper.  As  autumn  approachesy 
additional  labourers  should  be  engaged ;  but  the  constant 
labourers  should  alone  be  responsible  for  the  good  order  of 
the  road. 

Not  only  should  the  mud  foi-nied  in  wet  weather  be 
carefully  scraped  off  from  tiie  surface  to  the  sides,  and  re- 
moved altogether  as  soon  as  it  becomes  sufficiently  solid, 

but  in  dry  weather  the  roads  should  bo  constantly  and 
regularly  watered.  After  a  long  season  of  drought,  the 
surface  of  a  road  becomes,  as  it  were,  baked:  and  in  this 
state,  being  brittle,  it  is  quickly  injured  and  worn  to  dust 
by  constant  traffic.  But  a  regular  and  moderate  supply  of 
water  entirely  obviates  tiiis  imdue  wear,  and  preserves  the 
road  in  a  proper  state.  Care  should  be  taken  that  the 
water  is  properly  applied,  as  much  injury  may  be  done  by 
the  water  being  discliargcd  in  too  great  quantity,  or  un- 
evenly distributed.  The  manner  in  which  the  water 
should  be  poured  upon  the  road  should  resemble,  as  nearly 
as  possible,  a  gentle  shower  of  rain.  The  system  of  water- 
ing roads  in  particular  conditions,  even  in  winter,  has  Leon 
practised  with  advantage,  as  is  shown  by  the  following  ex- 
tract from  the  evidence  of  Mr.  Benjamin  Farey,  surveyor 
of  the  Whitechapel  Boad,  before  the  Oommittee  of  the. 
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Hons©  of  Commons : — "  The  wheels  stick  to  tlie  materials, 
ia  certaia  states  of  tho  road|  in  spring  and  autumiii  wkea 
it  is  between  wet  and  dry,  partioolarly  in  heavy  foggy 
weather,  and  after  a  frost ;  by  which  8ti<^ing  of  the  wheels 
the  A\Tiitecliapel  Road  is  often,  in  a  short  time,  dreadfully 
torn  up  and  loosened ;  and  it  is  for  remedying  this  evil 
that  I  hayOi  for  more  than  eight  years  past,  occaBionally 
watered  the  road  in  winter.  As  soon  as  the  sticking 
and  tearing-up  of  the  materials  is  oLsorvcd  to  have  com- 
menced, several  water-carts  are  employed  upon  these  parts 
of  the  road|  to  wet  the  loamy  and  glutinous  matters  so 
much  that  they  will  no  longer  adhere  to  the  tire  of  the 
wheels,  and  to  allow  tho  wheels  and  the  feet  of  the  horses 
to  force  down  and  again  fasten  the  gravel-stones;  the 
traffic^  in  the  oourse  of  from  four  to  twenty  hours  after 
watering,  forms  such .  a  sludge  on  the  surface  as  can  be 
easily  raked  off  by  wooden  scrapers,  which  is  performed  as 
quickly  as  possible ;  after  which,  the  road  is  hard  and 
smooth.  The  advantages  of  this  practice  of  occasional 
winter-watering  have  been  great ;  and  it  might,  I  am  of 
opinion,  be  adopted  with  like  advantages  on  the  other 
entrances  into  London,  or  whereyer  else  the  traffic  is  great, 
and  the  gravel-stones  are  observed  to  be  torn  up  by  stick- 
ing to  the  wheels."* 

Proceeding  with  a  description  of  the  tools  or  implements 
employed  in  the  construction  and  repair  of  roads,  tlie  most 
important  of  these  is  the  level  or  plummet-rule  used  for 
forming  the  true  transverse  section  of  the  road.  It  is 
shown  in  Fig.  26,  and  consists  of  a  horizontal  straightedge 
or  bar  A  c,  having  in  tho  centre  of  its  length  a  plummet 
for  ascertaining  when  the  straightedge  is  horizontal. 
Thus  far  it  exactly  resembles  an  ordinaiy  bricklayer's 
leveL  A  line  ia  drawn  near  the  end  a  of  the  bar,  and  at 
every  4  feet  from  this  line  a  gauge  («,  b,  c,  d,)  is  fixed  in  a 

*  Parliamentary  iteport,  1819»  p.  40. 
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Side  Drain. 
Sltllloir  ■omr-inBt  7  iiu. 


Length  of  Gaui?p,  11  ins. 
Slit  for  aorewopiDt  i  las. 


Length  of  Oaiijte.Ttai^ 
Slit  lor  0oreir-pin,  S  UH* 


dovetailed  groove,  in 
suoii  a  way  as  to  be  ca- 
pable of  being  moved 

up  or  down,  so  as  to 
adjust  the  depths  of  its 
lower  end  below  the 
horizontal  line  of  the 
bottom  of  the  straight 
edge;  and  ihere  are 
thumb  screws  (one  of 
which  is  shown  on  an 
enlarged  scale  in  Fig. 
27)    passing  through 
each  gauge,  by  tighten- 
^  ing  which  the  gauge 

0  can  be  fixed  when  so 

1  adjusted.     When  the 
%  bottoms  of  the  gauges 
^  a,  h,  Cy  and    have  been 
^  adjusted  as  shown  in 
S  Fig.  26,  they  will  co- 
incide with  the  surface 
recommended    to  be 
given  to  a  road  30  feet 
in  width,  and  such  as  is 
shown  in  Fig.  22  ;  and, 
in  order  to  ascertain 
whether  the  surface  of 
any  existing  road  is  con- 
structed to  the  proper 
inclination  and  form, 
it  is  only  requisite  to 
apply  the  level,  which, 
when  placed  perfectly 
horizontal,  by  me^gy^oogle 
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tlio  plummet      should  rest  upon  tlie  road  at  lower 

"extremity  of  eacli  of  tho  gauges,  a,  c.  and  d.  For 
fprming  the  aides  of  roads  of  greater  width  than  30  feet, 
it  would  be  convenient  to  have  a  level  conatruoted  in  tiie 
manner  shown  in  Fig.  28,  in  which  a  straightedge  about 

15  feet  long,  has  a  plummet  at  the  centre  of  its  length, 
80  adjusted  that  when  hanging  truly  in  its  placOi  the  lower 

Inches. 

10   9  87654321 
Tig.  87.— OauffB. 

side  of  the  straightedge  should  be  inclined  from  a  hori- 
sontal  line  at  the  rate  of  1  in  80. 

The  ^iV^  used  for  lifting  the  surface  of  roads  is  bhown 
in  Fig.  29.  The  bent  iron  head  {a  b)  should  weigh  about 
ten  pounds,  having-  a  large  eye  in  the  centre  (c),  in  which 
is  fitted  &e  handle,  which  should  be  of  ash,  rather  more 

than  2  feet  in  length ;  one  uj^tiemity  {a)  should  bo  formed 


Jig.  88.— rianuiMt  Roto.  InoUiiatioii  linflO, 


like  the  end  of  a  chisel,  while  the  other  (h)  should  terminate 
in  a  blunt  point.   Both  ends  should  be  tipped  with  steel. 

The  most  useful  form  of  shovel  ior  road  purposes  is  shown 
in  Fig.  30.  The  blade  should  be  somewhat  pointed,  and 
the  handle  bent,  so  as  to  enable  the  person  using  it  to 
bring  the  blade  flat  upon  the  surface  of  the  road  without 
excessive  stooping. 

The  ordinary  tvheellarrows  are  of  ash  or  elmi  with  casr^ 
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iroD  wheels;  but  they  may  be  made  of  wrought  iron, 
which  would  combine  strength  and  durability  with  light* 
n  ness.  Of  whatever  material  they  are  oon« 
y  structed,  they  should  not  exceed  9  inches  in 
II  depth,  and  their  sides  should  be  splayed 
y  with  a  slope  of  2  to  1.  It  is  also  desirable 
H  to  have  hooks  placed  on  their  sides  to  re- 
n  ceive  a  shovel  and  a  pick. 
^  The  screens,  or  sieves,  employed  for  sepa- 

i^^^^^,  rating  coarse  gravel  from  hoggin  or  small 
rig.  t».— Piok.    gravel,  consist  of  iron  wires  or  dender  rods, 
placed  at  equal  distances  apart,  and  fixed  in  a 
frame  of  wood,  the  sides  of  which  are  raised  about  5  inches 
above  the  plane  oi  the  wires.  In  the  screens  the  frames  are 

rectangular,  about  5  feet  6  inches  in  height 

Tand  3  feet  wide,  and  the  wires  are  stretched 
in  the  direction  of  its  length  at  distances 
varying  from  i  inch  to  1^  inch,  according 
to  the  size  of  the  stone  required ;  and  these 
wires  are  kept  in  place  by  others  crossing 
them  at  intervals  of  5  or  G  iuclies.  When 
used,  they  are  placed  so  that  the  plane  of 
the  wires  is  inclined  about  SO"*  from  the 
upright,  and  the  gravel  to  be  screened 
being  dashed  or  thrown  forcibly  against 
them,  the  finer  particles  pass  through  and 
fall  on  the  further  side  of  the  screen,  while 
the  large  stones  roll  down  its  surface  and 
fall  on  the  nearest  side.  The  sieves  are 
somewhat  different  in  form :  the  frame  is 
circular,  forming  a  cylinder  about  6  inches 

Fig.  ao.-SboTeL  ^  depth  and  20  inches  in  diameter,  and 

the  wires  placed  eitlier  as  already  de- 
scribed or  equally  close  in  both  directions,  forming  a 
kind  of  bottom  to  the  cylinder.   Jl^e  siev^  is  held  "km- 
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Eontally  by  one  man,  while  the  other  throws  into  il  a 


Iron, 
Sill*. 


Length, 


■  linebdjuncterbrl.  TdtalLeii«ttul|ftN>t* 

shovelful  of  gravel;  npoa  shaking  the  sieve,  the  fine 
hoggin  falls  through,  leaving  the  stones 

In  the  sieve,  which  are  tlien  thrown  by 
the  man  into  anything  which  may  be 
placed  to  receive  them.  This  is  gene- 
rally the  best  and  dieapest  mode  of 
screening  gravel. 

The  hammen  generally  employed  for 
breaking  stones  are  of  two  sizes,  and  are 
shown  in  Figs.  31  and  82.  The  handles 
shouldbe  of  straight-grained  ash,  and  the 
iron  heads  of  the  weight  and  form  shown 
in  the  drawings;  the  faces  should  be 
spherical,  and  case-hardened  or  steeled. 

Fig.  83  represents  the  ring  to  be  used 
for  testing  the  size  of  the  broken  stones. 
Its  internal  diameter  is  2^  inches,  and  the 
laj^est  stones  should  in  all  positions  be 
passable  through  the  ring. 

Pig.  34  represents  a  pronged  forkj  to  be 
used  instead  of  a  shovel  for  taking  up  the 
stones  to  throw  upon  the  road.  The  ad- 
vantages attending  its  use  are,  that  a  man 
can  tako  up  the  stones  much  more  quickly 
and  more  easily  than  with  a  shovel,  firee 
from  dirt  and  extraneous  matter. 

It  is  advantageous  to  roU  the  surface  of  now  roads,  in 
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order  to  oonsolidate  ihe  material ;  and  for  tliis  purpose  a 

cast-iron  roller  is  usually  employed,  about  5  feet  wide, 
4  feet  in  diameter,  and  weighing  about  4  tons. 

The  raket,  which  ahould  be  employed  in  filling  in  rati 
and  hollow  places  in  the  surfaoe  of  roads,  should 
be  formed  with  prongs  between  2  and  3  inches 
in  length,  £xed  at  the  distance  of  three- 
quarters  of  an  inch  apart,  into  a  wooden  head 
about  11  inches  in  length.  The  handles 
should  be  formed  of  ash,  and  siiouid  be  about  iig.aa.— 
6  feet  in  length, 

.  Serapm  are  indispensable  for  preserving  roads  In  a 
proper  state  and  free  from  mud.   They  are  usually  oon* 

strutted  of  wood  shod  with  wrought  irou  |  but  it  is,  better 


UN 

rig,  34.— Pronged  Forle. 

to  make  them  entirely  of  iron.  They  should  be  6  inches  in 

depth,  and  about  18  inches  iulengtli  ,  and  slightly  curved  at 
each  extremiiy  to  prevent  the  escape  of  mud  at  each  side. 
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Scraping  machines  have  1)0011  invonted,  and  are  very 
generally  employed,  by  means  of  which  the  surface  of  a 
Toad  may  be  scraped  much  more  regularly  and  quickly 
tJiaa  with  the  old  scrapers.   They  consist  of  a  number  of 

iron  scrapers,  attached  to  a  framo  mounted  ou  wheels, 
which  are  so  placed  that,  when  the  body  of  the  machine  is 
raised  somewhat,  the  wheels  axe  lifted  from  the  ground^ 
and  the  whole  weight  of  the  machine  is  thrown  upon  the 

scrapers,  which,  up'ni  tlie  machine  being  drawn  across  the 
road|  scrape  all  the  mud  fi'om  its  surface,  and  carry  it  to 
the  sides, 

A  machine  has  also  been  invented  by  Mr.  [now  Sir 

Josepli]  Whitworth,  of  Manclioster,  which  has  been 
extensively  employed,  both  there  and  in  London,  for 
sweeping  up  the  mud  from  the  roads  and  canying  it 
away  at  once.  It  consists  of  a  species  of  endless  broom, 
passing  round  rollers  attached  to  a  mud  cart,  and  so 
connected  by  cogged  wheels  with  the  wheels  of  the 
cart  that,  when  the  latter  is  drawn  forwards,  the  broom 
is  caused  to  rerolye,  and  sweeps  the  mud  from  the 
surface  of  the  road,  np  an  inclined  plane,  into  the  cart.  The 
machine  is  drawn  by  one  horse ;  and,  by  its  aid,  the  roads 
are  swept  much  more  rapidly  and  better  than  by  the  old 
system  of  scraping,  and  with  less  injury  to  the  surface  of 
tko  road,  and  lebd  anno^  ancu  to  tliu  ]^ia^i>ciigora. 
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OK  HEDGES  A^'D  FENCES. 

Ik  moot  BituationSy  fences  are  lequired  to  mark  the  Irann- 

daries  of  roads,  and  separate  tliem  from  the  adjoining 
lands.  They  sliould  be  dispensed  with  wherever  it  is 
possible,  for  the  reason  that  fences,  of  whatever  kind^ 
deprive^  to  a  greater  or  less  extend  the  surface  of  ike  road 
of  the  benefit  of  free  exposure  to  the  action  of  wind  and 
sunshine,  both  of  which  are  essential  for  maintaining  it  in 
a  dry  state.  Few  persons  aro  a^vare  of  the  extent  to 
which  a  load  may  be  injured  by  high  hedges,  or  lines  of 
trees.  Trees  are  worse  thanjbiedgesj  because  they  not 
onl^ deprive  the  road  of  the  action  of  the  air  and  sun,  but 
ihcy  fmtheFinjure~it  by^e  dnpping  of  rain  from  their 
leaves,  as  a  consequence  of  which  the  road  is  kept  in 
a  wet  jtate^long  after  it _would  otherwise  havelBegoiy' 
dry^ 

When  fences  are  indispensable,  they^ould  be  j}}^^ 
aa^to  as  m^Y  be  frqm  the  aides  of  the  road^  and  shl^"^'^  ^ 
^®P*  ^^^^  there  ia^ajleflp  djtfih  on 

either  side  of  the  road,  it  becomes  necessary,  to  prevent 
accident^  that  the  fence  sliouH-be-placed  between  the  road 
and  the  ditch j  but,  in  other  situations,  the  fence  should 
be  placed  on  tiie  field-side  of  the  ditch.  In  so  doing,  the 
surface-draining  of  the  road  into  the  side  ditches  is  less 
interfered  with,  and  the  action  of  air  and  sunshine  is  less 
obstructed  by  the  fence. 

The  different  desctiptionfl  of  fence  which  may  be  om« 
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ployed  are  yarioas.    la  districts  where  stoue  is  plentiful, 
and  eiE^ecially  in  the  immediate  neigiii>ourhoodof  quarries, 
where  stone  rabble  can  be  obtained  at'a  'itiflingjcoet,^^^ 
ruKKIe  walls,  ^Qiout  any  mortar,  are  very  good  and  cheap, 
and  require  little  or  no  repair.^  ^ 

for  the  jPoad  itself,  an  open  post-and-rail  fence  is  the 
best  which  can  be  employed,  because  it  scarcely  impedes 
the  action  of  the  wind  and  the  snn  npon  the  surface  of  the 
road  ;  but  the  great  practical  objeirtiap^tp  timber  fehces 
is,  their  liability  to  decay,  which  occasions  frequent  and 
constant  expense  for  renewaL 

The  most  common,  jmd,  all  things  considered,  the  most 
useful,  fence  is  the  quickset  hodg^  If  properly  planted, 
and  carefully  attended  to  for  the  first  few  years,  a  natural 
hiDCB  may  thus  be  obtained,  sufficiently  strong  to  resist 
the  efforts  of  cattle  to  break  through,  and  Tery  economical 
in  cost  for  maintenance.  ^AJba^  or  mound  of  earth,  at__ 
least  two  feet  in  depths  shouM^be  ^reparedjforjhe  recep- 
tion  of  the  quicks,  which  should  be  three-years  plants 
which  have  been  faansplanted  two  years.  The  best  kind 
of  soa  is  one  of  a  light  eS^dy  nature,  admitthig  suiEcieiit 
ffioliture  to  nourish  the  plants,  and  retaining  moisture  in 
dry  seasons.  Heayy  cl&y  soils  are  not  sufficiently  peryious 
to  water^  plants  placed  in  such  soils  are  never  found 
^  to  thrive.  A  mixture  of  peat  or  of  rotten  leaves  is  of  great 
use,  and  causes  the  plants  to  grow  with  much  vigour. 
The  quicks  are  most  commonly  planted  in  a  single  row,  at 
distances  of  about  4  innhfla  xpart^  But  a  much  better  hedge 
is  formed  by  planting  them  6  inches  a]iart,  in  a  double 
row,  as  shown  in  Fig.  35,  with  a  space  of  6  inches  be- 
tween therowSj^^ 

o    o    o    o  o 
o    o    o    o    o  o 

riff.  86.— rianting  Iled^. 

and  so  arranged  that  the  plants  in  one  row  are  opposite 
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&6  Spaces  in  the  other.   By  this  arrangement,  aiKhongh 

the  plants  arc  really  not  sg  crowdedy  and  have  more  space 
round  their  roots  from  which  to  doriye  nourishment  than 
in  ihe  single  row,  they  fonn  ajthicker  hedge.  The  proper 
time  for  planting  quicks  iBjurinjglhejiitumn  or  tlie  spring, 
aud,  in  line  seasonsLtlie  operation  maybe  continued  duriii;; 
the  whole  winter.  A  temporary  fence  should  be  pnt  up  to 
tgotect  the  yonng  plants  from  injiury ;  and  the  fence  should 
he  retained  until  the  hedge  has  attained  sufficient  strength 
to  require  its  protection  no  longer :  at  the  end  of  a  period, 
under  favourable  circimxstances,  of  three  or  four  y e^s  after 
tiiequiokfy  ih^  plAn<:i><l-  That  the  plants  may  thriTO,  they 
must  be  very  carefully  attended  ^raiij  and  it  is  essen* 
tial  that  they  should  be  properly  cleaned  and  weeded  at 
least  twice  every  year.  Once  every  year,  towards  the  end 
of  the  summer,  the  hedge  should  be  jiidim'^naly  fn'mmnd, 
not  to  such  an  extent  as  to  produce  stunted  plants,  but  by 
merely  cutting  off  the  upper  and  more  straggling  shoots, 
so  as  to  bring  it  to  a  level  and  even  surface.  By  proceed- 
ing in  this  manner,  a  neat,  strong,  and  compact  hedge 
of  healthy  plants  will  be  obtained  in  about  three  years 
after  planting. 

When  the  hedge  or  fence  is  placed  betg:eenj^ 
^e  side  ditches,  it  is  essential  that  small  dyains  be  formed 
at  least  every  fifteftn  yfrTd&^to  convey  the  water  from  the 
side  tables  or  gutters,  through  the  fence,  into  the  ditches^ 

Professor  Mahan  insists  that  fences  and  hedges  i^huuld 
not  be  hif^her  than_5_fefij;  and  that  no  trees  shotdd  be 
suffered  to  stand  on  the  road*8ide  of  the  side  drains,  for, . 
independently  of  shading  the  roadway,  their  roots  would 
in  time  throw  up  the  road-covering. 

Note  bt  the  Editob. — ^Sir  John  Macneil  proved  experi- 
mentally,  on  the  Holyhead  Bead,  the  unfavourable  in* 
fluence  of  close  and  high  hedging  in  interfering  with 
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what  maybe  called  the  ventilation  of  a  road : — ^keeping  it 
moiety  and  incturing  ezceesive  draught.  By  means  of  his 

experimeiits  ou  tractioiia.1  resistance,  tlio  trustees  and  tlio 
fixirveyors  of  the  roads  "have,"  he  said,  perceived  the 
defective  parts  of  the  road ;  and  within  three  months  after 
the  Pt  X  '^'^  Parliamentary  Commissioners  became 

public,  there  was  not  a  hedge  on  that  part  of  tlio  road, 
where  the  draught  was  shown  to  be  excessive,  that  waa 
not  cut  down,  and  improved  on  the  surface."* 

Mr.  Walker  had  previously,  in  1819,  remarked  that 
nothing  is  more  injurious  to  roads  than  the  permitting  of 
high  hedges  and  plantations  near  them.f 

Much  useful  information  pertinent  to  the  art  ol  hedge 
making,  including  instraetions  for  the  formation  of  new 
hedges,  and  lor  the  preservation  and  restoration  of  old 
hedges,  and  a  very  lucid  account  of  the  method  adopted  in 
the  management  of  the  Midland  Railway  Company's 
li  edges,  will  be  found  in  a  little  pamphlet  by  Mr,  W.  J. 
Malden4 

♦  Report  of  the  Select  Committee  on  Steam  Carriages,  1831 ;  p.  103, 
t  Beport  of  the  Select  Committoe  on  the  Highways  of  the 
Kingdom,  1819. 

X  Hedges  aud  Hedge  Making."  W- J«  Maiden.  Loudon: 
John  Mun'ttj. 
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Fob  roads  or  streets,  through  towns  or  cities  where  the 
traffic  is  considerable,  a  paved  surface  is  preferable  to  a 
macadamised  surface.   Macadamised  roads  in  such  situa* 

tions  are  expused  to  incossaTit  and  heavy  traffic,  tlieir  sur- 
face is  rapidly  worn,  and  it  rci^uires  constant  repair,  and 
mudd  attention  in  scraping  or  sweeping,  or  Sn  raking-in 
ruts.  The  cost  of  maintenance  is  very  heavy,  whilst  there 
are  frequent  inten-uptiuns  of,  or  iuturf(  ronce  with,  traffic. 
In  dry  weather,  the  macadamised  road  is  dusty,  and  in 
wet  weather  it  is  covered  with  mud.  The  only  advantage 
which  such  a  road  really  possesses  over  a  pavement  con« 
sists  in  the  less  noise  produced  by  carriages  in  pasbiiig 
over  it. 

Several  different  methods  have  been  employed  of  fonning 
the  foundations  of  pavements,  such  as  concrete  and  broken 

stone ;  but  where  it  can  Le  done,  it  is  perhaps  best  to  lay 
the  new  pavement  on  the  old  surface  of  the  road,  whether 
paved  or  macadamised,  taking  care,  of  course,  that  its  sur- 
face has  been  brought  first  to  an  even  state,  and  of  the 
required  form  of  cross  section. 

The  practice  of  laying  tlie  new  pavement  on  the  top  of 
the  old  has  been  a  great  deal  used  in  Paris,  and  has  there 
been  found  to  answer  extremely  well.  It  is  usual  to  take 
up  and  relay  the  old  pavement,  in  order  that  its  surface 
may  be  even  and  true;  after  which  it  is  covered  with 
gravel,  on  which  the  new  stones  are  bedded.   Mr.  Telfoi-d 
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strongly  recoininoiided  tho  surface  upon  which  the  pave- 
ment was  intended  to  be  laid  to  be  prepared  as  though 
intended  for  a  macadamUed  road^  and  that  it  sliould  be 
used,  in  that  state,  by  carriages  tintil  it  had  beoome 
tlioroughly  consolidated;  when* the  pavement  should  be 
laid  on  the  top  of  the  hard  road  so  formed,  the  stones 
being  properly  bedded  in  a  kind  of  coarse  mortar.  Mr. 
Edgeworthy  in  his  work  on  roads,  states  that  this  method 
of  forming  paved  roads  had  been  extensively  employed  in 
Dublin,  and  was  attended  with  considerable  success. 

In  constructing  a  paved  road  or  street,  the  following 
method  should  be  employed  for  foiming  the  foundation. 
The  loose  ground  at  the  surface  should  first  be  entirely 
removed.  The  depth  to  wliich  it  may  bo  requisite  to  do 
this  depends  upon  the  nature  of  the  ground ;  and,  unless 
the  ground  be  veiy  soKd,  it  should  be  removed  to  such 
a  depth  as  will  allow  of  18  inches  of  concrete  beneath  iShe 
pavement.  In  some  situations  so  great  a  thickness  as 
this  may  not  be  req[uisite;  but  it  is  better  to  err  rather 
in  fonning  too  strong  a  foundation,  than  in  forming  one 
the  failure  of  which  necessitates  the  taking  up  and  relaying 
of  tlie  pavement.  AMien  the  louse  ground  has  been  re- 
moved, a  layer  of  concrete,  prepared  in  the  manner  already 
described  at  page  83,  should  be  evenly  spread  over  the 
whole  area  of  the  intended  road.  The  depth  of  concrete 
should  never  be  less  tkuu  12  inches;  and,  under  ordinary 
circumstances,  it  should  not  be  less  than  18  inches.  Its 
upper  surface  should  have  the  true  form  of  cross  section 
intended  to  be  given  to  the  road. 

The  blunc  sets  should  bo  well  bedded  upon  the  concrete 
in  a  kind  of  coarse  mortar,  which  should  also  be  well  filled 
in  between  their  joints.  For  the  sets,  several  of  the 
harder  kinds  of  stone  are  used,  such  as  granite,  whinstone, 
and  the  very  hardc&t  varieties  of  limestone  and  ireestone. 
Of  all  mateiials,  granite  is  the  best  for  sets,  and  more 
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particitlarly  those  kinds,  sucli  as  the  Guernsey  and  Aber- 
deen^  which  do  not  wear  smooth  and  acquire  a  polished 
81U&C6.  Smooth  wear  is  a  great  practical  objection  attend- 
ing the  employment  of  exoessively  hard  stone.  With  regard 
to  the  furiii  of  the  stonoa,  experience  has  shown  that  the 
best  form  is  that  of  rectangular  blocks,  from  7  to  9  inches  in 
depthi  depending  on  the  amount  and  nature  of  the  traffic, 
and  not  more  than  3  or  4  inches  in  width.  Until  lately,  it 
was  considered  better  to  have  stones  of  much  greater  width, 
under  the  supposition  that,  having  a  larger  base,  they  would 
be  better  able  to  support  the  superincumbent  weight,  but 
experience  has  shown  that  the  narrow  stones  are  much  the 
better.  The  stones  should  be  sorted  according  to  their 
depths  and  widths ;  for,  if  the  stones  are  of  unequal  depth, 
and  the  surface  of  the  concrete  has  been  made,  as  it  should 
be,  even  and  parallel  to  the  intended  surface  of  the  road, 
any  stones  less  than  the  general  depth  would  require  more 
mortar  to  be  placed  under  tliem,  and  would  consequently 

settle  down  more  than  the  others, 
and  form  hollows  on  the  surface  of 
the  road.  They  should  also  be  sorted 
according  to  tliuii-  v»  idtli,  so  tliut  they 
may  run  entirely  across  the  street 


T 

1 

1  1 

I1g.36.-PIanofi^avement.   ^  pa,aUel   COUrseS,  SS    shoWn  iu 

Fig.  86,  and  the  stones  in  each  course  should  be  so  selected 

as  to  break  joint  with  those  in  each  adjoining  course,  as 
there  shown. 

A  firm  and  substantial  curb  should  be  laid  on  each  side 


of  the  road,  to  act  as  an  abutment;  and>  in  laying  the  pave* 
ment, ^^e^ourses  should  be  commenced  at  each  side,  and 
worked  towards  the  middle  *  the  joints  between  the  stones 
of  each  course  should  be  as  thin  as  possible,  and  the  last 
istonA  fthmild  <jt  tip^htly^  bo  ftfl  to  foHU  a  kind  of  key  to  the 
course*  After  the  stones  have  been  set  they  should  be  well 
rammed  dftwn  yjitKfthftfl.vy_|amner,  and  stones  which  sink 
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below  the  general  level  Bhould_beJaken  up,  and  re-pnrlcp4. 
underneath.  It  is  not  usual  to  incur  the  expense  of  bed- 
ding  fhe  etonee  in  mortar,  in  the  manner  here  recom- 
mended. The  oidinary  practice  is  to  pour  a  thin  grouting 
of  sand  and  lime  over  the  surface,  after  the  pavement  has 
been  laid,  which  finds  its  way,  although  very  imperfectly, 
into  the  interstices  between  the  stones.  But,  this  is  mis* 
taken  economy,  for  a  pavement  laid  as  here  described,  upon 
a  firm  concrete  foundation,  and  having  the  joints  perfectly 
formed  with  good  mortar,  would  last  almost  for  ever, 
since  nothing  else  than  the  positiye  wearing  away 
and  destruction  of  the  st(me  would  render  its  renewal 
necessary. 

Paved  roads  should  be  watched  for  a  few  months  after 
having  been  opened  for  traffic,  in  order  to  prevent  irre- 
golar  settlement  in  the  stones,  and  oonsequently  an  imeven 
and  irregular  surface.   When  any  portion  of  the  road  is 

found  to  settle  below  the  general  level,  it  should  be  taken 
up,  and  a  su£&cient  quantity  of  fine  concrete  put  under- 
neath  it  to  bring  it  slightly  above  the  level  of  the  sur- 
rounding surface.  Great  attention  should  be  given  to  the 
manner  in  which  the  pavement  is  re-laid  after  having  been 
disturbed  for  Ihe  repair  of  sewers,  water-pipes,  or  gas- 
yipes;  the  excavated  ground,  when  thrown  back,  should 
'  bewell  punned,  or  beat^^dbwojnkym  of  not  more  than 
a  fooiLin  thickness,  and  at  least  1 8  inches  of  concrete  should 
bel^d  on  the  top,  under  the  pavemenif.  T^h^  fiurffl^-ft  of 
the  fresh  concrete  diould  be  about  an  inch  above  the 
general  level  of  the  concrete,  and  the  ston^ehould  be 
properly  bedded  in  the  manner  already  described^  care 
beiog  taken  that  the  stones  correspond  in  depth  and  Avidth 
with  those  already  in  place  on  either  side,  and,  further- 
miore,  thattihe  last  stone,  in  makino  g,)od  each  course,  fits 
tightly  intolts  place.  "  ' 

In  laying  pavement  in  streets  having  a  considerable 
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inclination,  two  methods  have  been  employed  to  afford  a 
more  sure  and  perfect  hold  for  the  horses'  feet  than  the 
ordinary  pavement.  The  first  method  is  shown  in  Fig.  37, 
and  consists  in  laying  between  the  rows  of  paving- stones 
?  tf  H  ITK  tr¥lfl  ^  course  of  slate,  rather  less  than  an 

inch  in  thickness,  and  about  an  inch 
less  in  depth  than  the  stones.    By  this 
Pamaeiit  on  fndines.    means  a  sones  01  small  channels  or 
grooves,  about  an  inch  in  width  and  depth,  are  formed 
between  ihe  rows  of  stones,  which  affords  sufficient  stay 
for  the  horses'  feet.    The  other  method  is  somewhat 

simpler,  and  consists  in  merely  placing 
jLAjJ    the  ordinary  paving-stones  somewhat 
^.  ^f^^^^^'    canted  on  their  beds,  as  shown  in 

Fig.  38.  *  .  , 

Pftv«nkeiit  on  iiudines.  Fig.  38,  SO  as  to  form  a  senes  of  ledges 

or  steps,  against  which  the  horses'  feet  being  planted,  a 
secure  footing  is  obtained. 

Headways  and  streets  in  cities  must  be  accompanied  by 
sidewalks,  and  crossing-places,  for  foot-passengers.  The 
sidewalks  are  made  of  large  flat  flag-stones,  3  inches  thick, 
laid  on  the  ordinary  giuuiid,  or  on  gravel,  well  rammed 
and  settled.  The  proper  width  of  the  sidewalks  depends 
on  the  amount  of  the  traffic.  It  would,  in  all  cases,  be  well 
to  have  them  at  least  12  feet  wide;  they  are  laid  at  a  slope, 
or  pitch,  of  1  inch  to  10  feet,  towards  the  pavement,  to  convey 
the  surface-water  to  the  side  channels.  The  pavement 
is  separated  from  the  sidewalk  by  a  row  of  long  slabs, 
termed  curb-stones,  which  confine  both  the  flagging  and 
the  paving  stones.  They  are  usually  about  12  inches  by 
from  6  to  10  inches  in  section,  and  they  are  laid,  in  some 
cases,  on  their  side,  in  other  cases  on  edge.  They  form  the 
sides  of  the  side  channels,  and  they  should  for  this  purpose 
project  a  low  inches  above  the  outside  paving-stones,  and 
bo  sunk  at  least  4  inches  below  their  upper  surface. 
1  ;The  curb-stones  are  flush  with  the  upper  sur&ce  of 
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the  sidewalkBy  to  allow  vater  to  ran  over  into  the  side 
channels. 

The  crossings  should  be  from  4  to  6  feet  wide,  and 
slightly  raised  above  the  general  suxface  of  the  prwYomont^ 
to  keep  them  firee  mad. 
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ON  TAKING  OUT  QUANTITIES  FOR  ESTIMATES. 

The  process  of  making  out  an  estimate  for  any  description 
of  engineering  work  maj  be  divided  into  two  distinct  parts ; 
namely,  in  the  first  place,  calculating  the  actual  quantity  of 
each  description  of  work  to  be  executed  ;  and,  in  tlio  second 
place,  affixing  to  these  quantities  just  and  reasonable 
prices,  such  as  the  work  might  really  be  executed  for. 

In  the  construction  of  roads,  the  principal  item  of  ex* 
ponse  is  the  earthwork,  or  the  cost  of  forming  the  cuttings 
and  embankments  to  obtain  the  required  leyels  for  the 
formation  service,  iu  excavating  the  ditches  and  forming 
the  banks,  and  in  laying  on  the  metalling  or  ballast  to 
form  the  road.  Of  these  different  descriptions  of  work,  the  - 
first,  namely,  the  cuttings  and  cmhankraents,  are  the  only 
ones  the  estimation  of  the  quantity  of  which  is  attended 
with  any  difficulty.  The  others,  being  generally  constant, 
are  readily  obtained  by  ascertaining  the  quantity  in  a 
given  length,  as  a  yard,  and  then  multiplying  that  quan- 
tity by  the  total  length  of  tiie  road. 

In  the  calculations  of  solid  contents  required  in 
balancing  the  excavations  and  embankments,  the  most 
accurate  metliod  consists  in  subdividing  the  different  solids 
into  others  of  the  most  simple  geometrical  forms,  as  prisms, 
prismoids,  wedges,  and  pyramids,  whose  solidities  are 
readily  determined  by  the  ordinary  rules  for  the  mensu- 
ration of  solids.  As  this  process,  however,  is  frequently 
long  and  tedious,  otiier  methods  requiring  less  time,  but 
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not  so  accurate,  are  generally  preferred,  as  their  results 
give  an  approximation  sufficiently  near  the  true  for  most 
practical  purposes.  They  consist  in  taking  a  number  of 
equidistant  profiles,  and  calculating  the  solid  contents  be- 
tween each  pair,  either  by  multiplying  the  half  sum  of 
their  areas  by  the  distance  between  them,  or  else  by  taking 
the  profile  at  the  middle  point  between  each  pair,  and 
multiplying  its  area  by  the  same  lengUi  as  before.  The 
latter  method  is  the  more  expeditions  ;  it  gives  less  tliau 
the  true  solid  contents,  but  a  nearer  approximation  than 
the  former,  which  gives  more  than  the  true  solid  contents, 
whatever  may  be  the  forin  of  the  ground  between  each 
pair  of  cross  profiles. 

In  calculating  the  solid  contents,  allowance  must  be 
made  for  the  difference  in  bulk  between  the  different  kinds 
of  earth  when  oocupying  their  natural  bed  and  when  made 
into  embankment,  rrom  some  careful  experiments  on 
this  point  made  by  Mr.  Elwood  Morris,  published  in  the 
Journal  of  the  I^-anklm  JmtituUf  it  appears  that  light 
sandy  earth  oooupies  the  same  space  both  in  excavation 
and  embankment ;  clayey  eartli  about  one-tenth  less  in 
embankment  than  in  its  natural  bed ;  gravelly  earth  about 
one-twelfth  less;  rock  in  large  fragments  about  five- 
twelfths  more,  and  in  amall  fragments  about  siz-tentha 
more. 

The  calculation  may  often  be  simplified  by  considering 
the  slopes  apart  from  the  trunk  or  main  body  of  the  cut- 
ting. For  example,  let  Fig.  89  be  the  section  of  a  cutting, 
A  D  being  the  natural  surface  of  the  ground ;  then  if  b  o  is 
the  width  of  the  formation  surface,  b  c  fe  will  be  the  trunk 
or  central  portion  of  the  cutting,  and  aeb,  fcd,  will  be 
the  side  slopes.  Now,  the  width  of  the  first  is  constant, 
being  the  formation  width,  while  its  depth  varies  as  the 
depth  of  the  cutting ;  and  therefore  its  cubic  content  for  a 
given  length  forward  is  directly  proportional  to  the  depth 
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of  the  cutting.  for  instance,  ike  line  o  h  were  the 
natural  surface  of  the  ground  instead  of  a  the  outting 
being  now  twice  as  deep  as  before,  the  cubic  content  of  the 
trunk  I B  0  K  would  be  twice  as  great      tliat  of  s  b  o  f. 


r  K 

\  * 

d    /  \  I 

/']/ 

« * 

B  i 

Jig.  39.— Section  of  a  Cuttiag, 

But  the  cubic  content  of  the  slopes  increases  in  the  pro- 
portion of  the  squar(^  of  the  deptli  of  the  cutting,  as  is  evi- 
dent from  the  iigure,  in  which  i  b  being  twice  as  great  as 
B  B,  the  Tolume  of  the  slope  o  i  b  is  fmr  times  as  great  as 
ABB,  the  triangles  <i,  ly  9,  and  d  being  evidently  equa]. 
In  consequence  of  these  two  quantities  varying  in  a  differ- 
ent proportion,  it  is  convenient  to  estimate  them  separately. 
In  order  to  facilitate  the  calculation  of  earthwork,  several 
tables  have  been  published,  the  most  complete  and  elabo- 
rate of  which  are  those  by  Sir  John  Macneil.  The  following 
table,  No.  6,  will  be  found  very  useful  in  estimatiiig  the 
content  of  cuttings  or  of  embankments  of  moderate  depth, 
and  will  give  the  result  very  nearly  true,  except  in  cases 
in  which  the  two  ends  of  the  cutting  are  of  very  different 
depths.  The  first,  fourth,  and  seventh  columns  contain  the 
depth  of  the  cutting  or  height  of  embankment,  in  feet,  for 
eveiy  tenth  of  afoot^  from  0*1  to  25*2  feet|  the  second,  fifth, 
and  eighth  colunms  express  the  content,  in  cubic  yards,  of 
one  foot  in  idth,  and  one  chain  in  lengtli,  of  a  portion  o£ 
the  trunk  or  central  part  of  a  cutting,  whose  mean  depth  is 
shown  in  the  preceding  column.    The  quantities  taken 
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from  these  columns  must  be  multiplied  by  &e  forma. 
Jon  width.  The  third,  sixth,  and  ninth  columns  express 
Ihe  content  in  cubic  yards  of  a  length  of  one  chain  of  both 
filopes,  when  the  elopes  are  formed  at  1  to  L  With  any 
other  ratio  the  quantities  derived  ftom  thoBe  colnmns  must 
be  mcreased  in  the  same  proportion.  Thus,  if  the  slopes 
are  3  to  1,  the  quantity  oLtained  iroia  the  table  must  be 
muitipliefl  by  3. 
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As  an  example  of  ihe  use  of  this  table,  we  may  estimate 

tlie  c|uantities  in  the  cutting  and  embankment  shown  on 
the  working  section,  Jfig.  20,  page  39.  In  the  following 
table,  the  first  column  oontains  the  number  of  the  peg,  the 
second  the  depth  of  cutting  or  height  of  embankment^  the 

Lliird  the  cubic  content  of  the  coiTesponding  portion  of  the 
trunk,  and  the  fourth  coluxuu  the  content  of  the  slopes : — 


Cutting  Ko*  !• 


No.  1. 
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3846-66  cub.  ydi. 
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It  will  be  remarked  that,  at  peg  1,  where  the  cutting 
has  no  depth,  we  have  yet  inserted  quantities  in  the  third 

and  fuurtli  culiiiiins.  Tho  manner  iu  wliicli  these  wore 
derived  is  as  follows.  Althougli  at  the  peg  itself  there  is 
no  cutting,  at  the  next  peg  the  depth  is  0*6,  and  therefore 
the  mean  depth  is  0*8,  which,  in  the  table,  gires  0*73  and 
0*22.  As,  however,  wc  have  liero  only  half  a  chain  (as  it 
is  tho  commencement  uf  the  section),  we  insert  half  these 
quantities,  or  0*37  and  0*11*  The  sum  of  all  the  separate 
pordohs  of  the  trunk,  being  obtained  by  addition,  is  then 
multiplied  by  40,  tho  width  of  tho  formation,  to  wliich  the 
sum  of  the  slopes  being  added,  gives  3846-66  cubic  yaixls 
as  the  content  of  the  cutting.  In  the  ease  of  the  embank- 
ment, the  slopes  being  1^  to  1,  we  add  ons  and  a  times 
the  sum  of  tho  slopes,  and  thus  obtain  1996*89  cubic  yards 
as  its  content.  By  reference  to  the  working  section,  Fig.  20, 
it  will  be  seen  that  the  quantities  there  given  agree  with 
tiie  aboTC 
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PART  n. 

fiECEIJT  PRACTICE  IN  THE  CONSTKUC- 
TION  OF  EOADS  AND  STEEETS. 


OHAPT£E  L 

MATERIALS  EMPLOYED  IN  THE  CONSTBUCTION  OF 

BOADS  AND  STBEETS. 

For  ca/rriitge-ways:  atones. — ^Tlie  hardest  and  toughest  kinds 
of  fitoneB  are  those  which  are  employed  in  the  oonstruction 
of  paved  and  macadamised  carriage-ways.  First  in  geolo- 
gical order,  as  well  as  in  tlie  order  of  usefulness,  is  granite. 

Granite  is  an  unstratified  or  igneous  rock,  generally 
found  inferior  to  cit  associated  with  the  oldest  of  the 
unstratified  rocks,  and  sometimes  penetrating  them  in  the 
form  of  dykes  and  veins.  It  is  a  crystalline  compound  of 
three  simple  minerals  —  felspar,  silica  or  quartz,  and 
mica ;  in  which  the  proportion  of  silica  varies  from  65  to 
80  per  cent.  Ghranite  derives  its  name  from  its  coarse 
granular  structure — granum,  Latin  fur  grain.  The  silica 
generally  occurs  in  an  amorpiiuus  condition,  enclosing  and 
cementing  together  the  felspar  and  the  mica  in  the  state 
of  crystals.  Some  granites  are  ternary  com^^ounds ;  others 
are  quaternary,  or  even  quinary  compounds,  consisting  of 
silica,  two  varieties  of  felspar,  or  two  varieties  of  mica. 
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Two  felspars  are  present  in  some  of  iho  granites  of  Gal- 
way,  Donegal,  and  Aberdeenshire.  Two  micas  occur  in 
the  Wicklow  granite,  imparting  black  and  grey  iiues. 
Instead  of  mica,  another  substance,  hornblende,  is  found 
in  some  granites.  Such  granites,  of  which  the  component 
parts  are  (|uartZ;  felspar,  and  iiornLlendo,  aro  distinguished 
as  8i/enite,  or  syenitic  granites;  so  called,  because  it  was 
first  found  in  the  island  of  Syene,  in  Egypt. 

Of  the  constituents  of  granite,  qmrtn,  glassy  in  appear- 
ance, is  a  compound  of  the  metallic  base  silicium  and 
oxygen ;  fehpar,  opaq,ue,  is  of  a  yellowish  or  a  pink  colour, 
composed  of  silidous  and  aluminous  matter,  with  a  small 
proportion  of  lime  and  potash ;  mica  consists  principally  of 
clay  and  flint,  with  a  little  magnesia  and  oxido  of  iron ; 
hornblende  is  a  dark  green  crystalline  substance,  composed 
of  flint,  alumina,  magnesia^  with  a  considerable  propor- 
tion of  black  oxide  of  iron* 

The  granite  districts  of  the  United  Kingdom,  whence 
most  of  the  material  for  road-making  is  obtained,  are  in 
Devon,  Cornwall,  the  Channel  Islands  of  Guernsey  and 
Herm;  Mount  Sorrel,  in  Leicestershire;  dee  Hills,  in 
Shropshire ;  Port-Nant  and  Portmadoc,  in  North  Wales ; 
Aberdeen,  in  Scotland ;  and  Newry,  in  Ireland.  The 
syenitic  granites  of  Guernsey,  Herm,  Mount  Sorrel,  and 
North  Wales,  are  celebrated  for  their  hardness  and  dura- 
bility. The  granite  of  Devon  and  Cornwall  is  of  several 
varieties,  and  it  has  a  prevailing  greyish  hue.  Aberdeen 
granite  is  of  a  bluish -grey  tint;  so  also  is  the  Newry 
granite.   Mount  Sorrel  granite  is  of  a  rich  pink  colour. 

Granites  vary  much  in  hardness  and  resistance  to 
crushing  force.  In  somo^  places,  by  the  decomposition  of 
the  felspar  or  the  mica,  they  are  sufficiently  soft  to  admit 
of  their  being  dug  out  with  a  i^ade.  The  specific  gravity 
of  granite  varies  irom  2*60  to  3*00,  and  the  volume  of 
1  ton  is  from  12  to  14  cubic  feet.    CunYOiseiy,  ilm  wt^ight 
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of  a  oabio  yard  of  solid  granite  yaries  from  1*98  to  2*26 

tons,  averaging,  Bay,  2  tons ;  whilst  the  average  weiglit  of 
a  solid  cubic  foot  is  1^  cwt.  Granite  is  capable  of  absorb* 
ing,  on  an  average,  a  gallon^  or  10  Ibs*^  of  water  per 
cubic  yard,  or  l*450th  of  its  weight  of  water. 

Mr.  Mallet  found  that  the  maximum  resistance  of  1-inch 
cubes  of  various  granites  to  crushing  force,  ranged  from 
1  to  6  tons.  The  annexed  table,  No.  7,  gives  the  results 
of  experiments  to  determine  the  reststance  of  granites 


Tablb  No.  7. — CsuBHrno  Kbsistakox  ow  G&akxtes* 


Surfiice  cx- 

Loodilgrof  Stom. 

I>08ed  to 

pressure. 

Toonuili. 

Square  in. 

8qnare  in. 

Square  in. 

Herm    •          .         •  . 

16 

4.77 

6-64 

Aberdocn  (Blue)  • 

17i 

413 

4*64 

Heytor  •         •        .  . 

IS 

3-94 

6*19 

Dartmoor        .  « 

16 

3-62 

5-48 

Peterhead  (Red) 

18 

2-88 

4-88 

Peterhead  (Bluish  grey) 

18 

2-86 

4 -36 

Penrhyn          •         •  • 

16 

2-68 

KOliney  (Grey  febpathic) 

9 

4-81 

Ballyknocken  (Coarse  grey) 
Ball}'>>rg,  Ganow  (Qrey  UHb- 

9 

1-48 

pathic)        «  • 

9 

317 

Some  results  of  experiments  made  by  Sir  William 

Fuii'bairiil  on  tlm  crusliing  streiigtli  uf  building  stones  ara 
added,  in  Table  No.  8,  The  specimens  were,  for  the  most 
part^  2-inGh  cubes:— 

*  The  data  for  this  taUe  are  dorived  from  Sir  John  Bmrgoyne's 
^'Bodimeotuy  Treatise  on  BkBtiDg  and  Quaixjing/'  1862,  page  94; 
except  for  the  last  three  stones^  for  which  the  data  are  honored  from 
PxofMSor  Hull. 

t  "Memoirs  of  the  literary  and  Philosophical  Society  of  fdm* 
cheater,"  1857 ;  toI.  ziT.  page  31* 
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Tablb  Ko.  8.— CavsHxvo  Stbxkoth  and  Absobbbmt  Fowjui  of 

Various  Stones. 
(Deduced  from  Sir  W.  Fairbsim's  data.) 


1 

1 

[Crushing 

Weight 

of  water 

Speoillc 

Cutiic 

one  ton. 

rcsist- 

square 

absorbed 
cuicr  49 
hoars' 

immcr- 
eiou. 

i^orpnyry  . 

Gab.  it 

Tons. 

1  part  in 

France .  •  • '  • 

— 

— 

1804 

— 

Gieywacke  . 
Do. 

Penmaenmaur  • 

2-75 

13-01 

7*54 

1641 

Ingleton   .    •  . 

2*79 

12  87 

— 

1963 

Granite  .  . 

Aberdeen  •   .  . 

616 

Do. 

Mount  Soirel*  • 

2-67 

13-45 

5-74 

490 

Da 

*  0/ 

Ssndstone  . 

Yorkshire  •  ^  •  • 

241 

14-85 

4-38 

47-5 

Do. 

liimcorn   •  . 

•98 

Limestone  . 

3-80 

Do.Magnesian 

Auston,  Worksop 

2-26 

Brick,  hard  . 
Bo.  red  • 

•84 

•36 

The  Trap  RoeJcs  are  a  largo  group  of  igneous  rocks  allied 
to  granite,  composed  of  felspar,  augite,  and  liornbiende. 
The  Tanous  proportions  and  states  of  aggiegatioii  of  these 
aimple  minerals,  and  their  differences  in  external  forms, 
giye  rise  to  yarieties  known  as  Basalt,  Dolorite,  Green- 
stone, Whinstone,  Greywacke,  and  others.  The  tei-m  trap 
is  derived  from  trappa,  a  Swedish  word  for  stair,  because 
the  rocks  of  this  class  sometimes  occur  in  large  tabular 
masses,  rising  one  above  another  like  steps.  Basalt  is  one 
of  the  most  common  varieties ;  it  is  a  dark  green  or  black 
stone,  composed  of  augite  and  felspar,  very  compact  in 
texture,  of  considerable  hardness.  It  often  contains  iron ; 
whence  the  name  hasdlt,  an  Ethiopian  word  for  iron. 
Dolorite  is  likewise  composed  of  augite  and  felspar.  Green- 
stone is  composed  of  hornblende,  which  is  dark  green,  and 
felspar.  Greywack6  is  a  very  hard  rock,  as  heavy  cs 
granite,  and  mudi  harder.  The  rock  is  very  often  of  a 
grey  colour;  whence  the  name.  Wacke  is  u  j^aovincial 
mii;or's  term  in  Germany. 
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The  principal  U808  of  tli0  trftp  rocks  ore  for  pftvin^  and 

mac  adainising.  The  most  imj^ortant  quarries  aro  those 
of  Burdeu  Hill,  in  Leicestershire,  and  of  Penmaenuiaur,  in 
North  Wales.  The  greywacke  of  Fenmaenmaur  is  manu* 
factured  into  squared  sets,  which  are  sent  by  ship  and 
by  rail  in  enormous  quantities  to  Manchester,  Liverpool, 
and  other  large  towns  in  the  nortii  of  Jbaigiand  and  in  Scot- 
landy  and  to  Irelaiid. 

Comparative  Wear  of  Stenea, — Mr.  Walker  tested  the  com- 
parative  duraltility  of  various  granites  and  one  Tvliinstone. 
In  his  first  experiments,  ho  submitted  square  specimens  of 
Guernsey,  Aberdeen,  and  Peterhead  granites,  having  equal 
weights  and  rubbing  surfaces,  to  £rictional  motion  on  a 
large  block  of  stone,  with  sand  and  water  between  them. 
The  Guernsey  granite  showed  the  smallest  amount  of  wear. 

He  made  further  tests  for  the  durability  of  granites  and 
whinstone,  under  working  conditions,  by  laying  down,  in 
1830,  two  parallel  lines  of  rectangular  tram-stones,  18 
inches  wide  and  12  inches  deep,  in  the  gateway  of  the 
Limehouse  turnpike,  so  as  to  be  exposed  to  all  the  heavy 
traffic  from  the  East  and  West  India  Docks.  The  experi- 
mental stones  were  all  new.  After  an  exposure  of  17 
months  to  the  wear  and  tear  of  the  traffic,  the  stones  were 
taken  up,  and  the  loss  by  wear  was  found  to  be  in  order 

as  follows : — 

Table  Ko.  9.^]Ielativb  Wbar  or  OaAKiTfii»  bto. 

(Mr.  "Walkke.) 


KuM  of  Stone 


Guernsey  griimte  • 

Hcim  granite  .  • 
Kudlc  whinstonn 
Pelorhead  blue  grunito 
Heytor  granite     ^  • 
Aberdeea  rod  granite  t 
Datlmoor  pranite 
Aberdeen  blue  granite 


Super- 
ficial area. 

Loss  of 

weight  per 
eg.  foot. 

TertieBl  near; 

Eq.liDOt. 

poundi. 

indi. 

Klalivc. 

473 

•95 

•OGO 

l-(;no 

5-25 

105 

•075 

1-190 

Q-U 

1-22 

•082 

1-316 

3-48 

1-80 

•131 

2  080 

4*31 

1-92 

•141 

2-238 

6-38 

2  14 

•159 

2'.i24 

2'78 

•207 

3-285 

s-os 

•225 

3-671 

Diaiti2 

127 


From  the  table,  it  is  apparent  that  Guernsey  granite  is 

many  times  tougher  and  more  durablo  than  Aberdeen 
gi-anite.  Mr.  Walker  made  a  st  ill  l  urthor  test  of  the  relative 
wear  of  these  two  stones  on  old  Blackfriars  Bridge,  which 
was  paved,  in  1840,  with  these  granites,  in  sets  3  inches 
wide  by  9  inches  deep,  ou  a  bed  of  concrete  12  inches  tliick. 
When  the  pavement  had  been  down  13  years,  it  was  found 
that  the  Aberdeen  stone  was  worn  down  to  the  extent  of 
H  inch  of  vertical  wear,  whilst  the  Guernsey  stone  had 
<)nly  worn  down  |  inch — showing  that  tlie  Guernsey  had 
worn  only  one-sixth  as  much  as  the  Aberdeen  granite.* 

The  durability  of  the  Welsh  stones — ^the  greywacke  of 
Penmaenmaur,  and  the  syenites  of  Fortmadoc,  ftc,  is 
almost  beyond  estimation.  After  20  years  of  work  in  Ike 
streets  of  Manchester,  Penmaenmaur  stones,  the  resistance 
of  which  to  crushing  is  considerably  greater  than  that  of 
granite,  have  suffered  little  more  wear  than  a  rounding  of 
the  upper  surface.  But  the  blue  variety  is  extremely 
slippery,  and  it  makes  a  dangerous  pavement.  The 
grey  variety,  the  Irish,  the  syenitic»  and  the  blue  Aberdeen 
granites  retain  rough-wearing  surfaces;  but»  in  con- 
sequence of  their  roughness,  they  are  not  so  durable  as 
the  Guernsey  and  the  Penmaenmaur  stones.  The  rough- 
wearing  sets  are  excellent  stones,  and  they  are  specially 
suitable  for  the  paving  of  streets  on  steep  incUnes. 

For  macadam,  the  hardest  stones — as  Guernsey  granite, 
and  Penmaenmaur  g^eywacko  —  ai'o  the  most  suitable. 
Their  slippery  qualities  arc  of  no  moment  in  macadam, 
whilst  their  hardness  and  toughness  are  valuable  qualities. 

In  India>  the  stones  used  for  macadam  are  granite,  trap, 
and  the  hard  limestones  and  sandstones.  Laterite,  which  is 
a  hard  sandstone,  is  very  much  used  on  the  Madi-as  roads 
but  it  is  comparatively  soft,  and  does  not  bear  much  traffic. 

•  Proceedings  of  the  InatituUun  o£  Civil  £ngineci8|  1853-o4  j  vpt 
xiii-  page  237* 
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Kunkur  is  the  material  ohiefly  used  ia  Hindostan :  it  is  a 
peculiar  formation  of  oolitic  limestone,  found  generallj  in 

nodules,  sometimes  in  masses  a  little  below  the  surface  of 
the  eartk.  It  makes  an  excellent  road,  but  it  requires 
constant  repair  if  the  traffic  is  heaiT** 

JFhr  IbotiMthB.'^The  flagstones  usually  employed  £»rfoot- 
paths  arc  of  sandbtone.  The  OM  Hed  Sandstone  of  Scot- 
laud  produces  the  well-known  sandstones  and  fia^  of 
Arbroath  and  Dundee^  which,  are  largely  used  in  Glasgoir, 
Edinburgh,  London,  and  other  large  towns.  The  Arbroath 
pavement  is  of  a  light  greenish,  grey  colour,  and  of  dense 
structure;  it  resists  the  weather  successfully.  The  flag- 
stones of  Caithness,  Cromarty,  and  Nairn  are  also  used  for 
paving.  The  carboniferous  sandstones  are  largely  used 
for  paving  in  the  north  of  England  and  in  Scotland;  they 
are  generally  hard  and  durable,  of  yellowish  or  greyish 
tints,  and  of  various  degrees  of  coarseness.  They  are 
derived  from  tiio  millstone-grit  and  the  coal  measures. 
Excellent  flagstones,  wliitk  are  sent  to  all  parts  of  Eiig- 
land,  are  obtained  from  the  lower  part  of  the  coal  for- 
mation in  Cheshire,  near  Macclesfield ;  Liftncashire,  near 
Wigan,  Burnley,  and  St.  Helenas;  and  from  Elland,  in 
Yorkshire.  Tlio  sandtitones  of  tho  coal  measures — for  iu- 
stance,  those  of  Keddon  and  Kenton,  near  Newcastle — are 
seldom  durable,  and  they  generally  become  iron-stained 
on  exposure,  owing  to  their  containing  considerable  quan- 
tities of  iron  and  alumina.* 

The  following  particulars  of  the  composition  of  sand- 
stones are  derived  fiom  the  Commissioners'  Beport  of 
1839:-* 


♦  See  "  Quanies  ;mcl  Building  Stones,"  by  Professor  liullj "  BriU«b 
Manufaeturiug  Indubtiies.". 


BTOI^ES, 


'  129 


Table  Ko.  10.-— Composition,  Specific  GaAvixY,  akd  Stiie2<oiu 

OF  SAKDSTU^i^a. 


Gnigleitli. 

Darley 
Dale. 

Heddon. 

Kenton. 

Mansfield. 

Oompoeition. 

Silica 

Carbonate  of  Hmc  . 
Carbonate  ot  mag- 
iitwiia      .  • 
Iron,  alaniiiia  • 
Water  and  loas  • 

98-3 
I'i 

00 
0*6 
0-0 

ner  cent. 
96-4 
0*8 

0*0 
1*3 
1*9 

fM>r 

95-1 
0-8 

00 
2*3 
1*8 

ner  cent 
93- 1 
20 

00 
4*4 
0*5 

49-4 
26*6 

16*1 
8-2 
4*8 

lOO'O 

100*0 

100*0 

100*0 

lOO'O 

1 

SpBomq  OsAfiRU* 
Of  dry  masseB  • 
Vjl  pwn.iciBB  • 

2-232 

2-e28 

2-229 

2*247 

2-338 

OowMUTi  Vowni* 
In  tons  per  iqaare 

Inch      •  • 

3*62 

3*17 

1  1-78 

2*22 

2*28 

A  few  particttlan  of  sandBioneB  are  giyen  in  Table 

No.  8,  page  125. 

All  sandstones  are  porous,  and  tliey  absorb  water.  The 
Yorksbire  sandstonea  are  capable  of  absorbing  1  part  by 
weight  of  water  in  48  parts  of  atone.  Sandstone  flags  are 
in  this  respect  objectionable,  for  they  retain  wet  impuritiesi 
and  remain  damp  some  time  after  rain. 

An  instrnctive  test  of  the  oomparatiTe  durability  of 
Tarions  kindB  of  flagstones  ww  conducted  in  liveipool,  by  ^ 
Mr.  Newlands,  in  1856.   The  stones  were  found  to  range, 
in  the  order  of  durability,  as  follows  •. — 

Kili'ush  (Irish),  most  durablo, 

Caithness, 

Sjiowsley, 

Port  Eheuddin, 

Llangollen, 

Yorkshire,  least  durable. 

^  Digitized  by  Google 
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Of  these,  Fort  Itheuddia  stone,  one  of  the  softest,  had  the 
best  appearance.  Next  to  this  was  the  Caithness  stone.  The 

Kilrush  flajo^s  had  a  roiip^h  or  wrinkled  siuface ;  but  in  tlio 
course  of  timo  tliey  wore  smooth,  and  their  appearance  was 
good.  The  Llaagollen-slate  flag  looked  well,  but  it  was 
not  durable.  Caithness  flags  were  extensivelj  substituted 
for  Yurksliire  paving  ;  Welsli  and  Irish  flags  were  also 
laid  to  a  considerable  extent. 

In  substituting  granite  curbstones  for  sandstone  curbs, 
Mr.  Newlands  formed  the  wearing  surface  of  the  new 
curbs  to  the  section  produced  by  abrasion  lipon  the  softer 
stone : — thus  presenting  a  lai-ger  weai'ing  sui'face  to  tho 
strokes  of  heaTy  wheels,  and  minimising  the  supexflcial 
lateral  wear. 

Asphaltc. — Asphalto,  tho  mineral,  is  a  bituminous  lime- 
stone, or  pure  carbonate  of  lime  naturally  impregnated 
with  bitumen.  At  the  same  time,  asphalto  is,  in  a  scientiflo 
sense,  synonymous  with  bitumen. 

Bituminous  limestone,  or  asphalte,  is  a  rock  consisting 
of  from  90  to  94  per  cent,  of  carbonate  of  lime,  and  from 
6  to  10  per  cent,  of  bitumen.  The  rock  is  of  a  liYer-biown» 
or  deep  chocolate  colour ;  it  takes  an  irregular  fracture, 
with  definite  cleavage,  and  the  texture  and  the  grain  vary 
with  the  layers.  Tiie  specific  gravity  is  from  2  20  to  2-30, 
Exceed  to  the  atmosphere,  asphalte  gradually  assumes  a 
light  grey  tint,  caused  by  the  evaporation  of  bitumen  firom 
the  surface. 

The  asphalte  used  for  the  construction  of  carriage-way 
payements,  is  brought  chiefly  from  the  Yal  de  Travers, 
a  few  miles  from  the  town  of  Neuchatel,  in  Switzerland. 
Limmer  asphalte  is  brought  from  a  mine  situated  at 
Limmer,  near  tlio  city  of  Hanover,  and  from  another  mine 
at  Vorwohle,  near  Alfeld,  in  Brunswick.  The  Seyssel 
asphalte  is  obtained  from  mines  at  I^rimont  and  Garde 
Bois,  at  Seyssel,  in  France. 
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Asphalte,  as  excavated,  must  be  pulverised  before  being  1 
used,  hy  decFepitation  at  a  temperature  of  from  212''  to 
300*"  Fahr.,  or  by  mechanical  means.  It  is  applied  in  two 
modes  for  the  formation  of  pavements : — 1st,  as  eomprm&d 
asphaUe,  which  is  obtained  by  heating  the  powder  to  from 
2l2"  to  250"  Ji'ahr.,  and  causing  the  particles  to  cohere  by 
the  application  of  pressure.  2nd,  as  U^id  aaphaUe,  or 
atphadic  mastic  J  for  which  a  manufacturin  g  process  is  neces- 
sary. The  powder  is  heated  with  from  5  to  8  per  cent,  of 
free  bitumen;  the  bitumen  acts  as  a  flux,  the  mixture 
melts,  and  is  run  into  moulds  for  use^  forming  cheeses 
12  inehieg_in_^ameter_agj^^  thie'^.   Like  rock 

asphalte,  mastic,  heated  alone,  does  not  melt ;  it  only  be- 
comes  soft.  To^o^re-meltedi^  afresh  quantity  of  bitum^ 
must  bo  added.  For  paTing.  a  large  proportion  of  sand  or 
sman  pavel  is  mixed  with  it,  eyen  to  i^  extent  of  60  per 
cent.  No  chemical  union  takes  place  between  the  mastic 
and  the  sand,  but  the^cohesion^  is  so  complete  that  the 
fracture  of  sanded  mastic  shows  tho  siinultanoous  fracture 
of  the  grit ;  and  the  power  of  resistance  to  the  heat  of  the 
sun  is  increased  by  the  admixture. 

The  Yal  de  Travers  and  the  Seysell  rocks  are  the  only 
two  natural  aaphaltes  used  in  laj  lug  compressed-asphalte 
roadways.  ThejwmOT^has  not  quite  so  close  a  {^rain  af 
thejatter-f  and  it  is  softer,  and  is  more  regularly  impre^^ 
nated  with  bitiimen. 

Artificial  AiphaUe. — By  mixing  heated  limestone  and 
gas-tar,  a  material  possessing  some  of  the  properties  of 
asphaltic  mastic  has  been  obtained.  But  gas-tar  is  a  very 
inferior  form  of  bitumen  for  paving  purposes :  it  passes 
fix>m  the  dry  to  the  liquid  statOi  and  conyerselyy  according; 
to  the  season,  and  it  is  brittle. 

Tf^ood. — Both  soft  and  hard  woods  are  employed  for 
paving :  closcd-gi-ained  wood  of  the  pine  family,  as  Cana* 
dian  and  Baltic  yellow  pines;  and  hard  woods,  as  oak. 
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ttlm,  ash,  and  beeoh.  Spruce  and  white  deals  are  not  very 
suitable  for  paving  purposes.  The  foUowiiig  Table,* 
No*  II f  shows  the  average  cnishing  resistaiice  of  cubes  of 

timber,  of  from  1  inch  to  4  inches,  lineal  dimension,  in 
the  direction  of  the  hbre  :— 

TAKIB  No.  11. — CltUSHINO   R}  filFTANCE  OF  TiMliEA. 

Cubesy  I  inch ;  2  inch ;  3  inch ;  and  4  inch. 


Mr.  D.  T.  Hope,t  in  1844,  recorded  the  results  of  experi- 
ments made  by  him  on  the  comparative  wear  and  endui^ 

ance  of  wood-paving,  laid  in  the  same  line  of  carriage-way, 
resting  on  the  same  concrete  foundation,  and  exposed  to 
the  same  kind  and  amount  of  traffic.  The  blocks  of  wood 
were  constructed  with  the  fibre  placed  vertically,  placed 

horizontally,  and  also  placed  at  variuus  inclinations  to  the 

f  Derived  from  Manual  of  Bulesi  Tablei^  and  Data,'*  by  B.  K. 
dark,  1S77,  page  541. 

t  «<Xhuuactioiui  of  the  Boyal  Soottuh  Sodely  of  Atti»**  1844» 
page  281. 
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English  oak,  tmseasoncd 


Do.  seaeoned 

Dantzic  oak  . 
American  white  oak  . 
Moulmcin  teak  • 
Iron  wood  • 
Greenheart  . 
HonflnrH«  mahogany 
English  cLni  .  • 
Canadian  elm  • 
Dantzic  fir  • 
Kiga  fir       •  « 
Spruce  fir  • 
Larch  .  . 

Red  pine  • 
Tellow  pine  . 
Fitch  pine    •  • 


tons. 
219 
3-34 
3-34 
2-71 
2-66 
6*21 
6-44 
2-85 
2.58 
2-45 

sac 

2-34 
2  17 
2-60 
2-64 
1*88 
2-8S 
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rartical.  OontmaouB  observatioiis  irere  made  for  a  period 
of  18  months.  It  was  found  tiiat  the  wear  or  reduction  of 

height  of  tlie  wood  blocks  was  greater  during  the  first 
three  mouths  than  during  the  following  quarters.  The 
more  rapid  wear  at  the  eommeneement  of  the  trial  was 
ascribed  by  Mr.  Hope  to  initial  compression  of  the 
fibres :  the  blocks  with  vertical  fibres  presented  a  more 
compact  surface  than  when  they  were  originally  laid,  and 
the  surface  was  so  impregnated  with  sand  that  it  had  more  of 
the  appearance  of  sand  than  of  wood.  The  following  shows 
the  total  amount  of  wear  at  the  end  of  18  months 

Wear  at  the  end  of  18  moatht. 
Wood,  vertical  fibre        .      •   '125  inch^  or  k  i^c^ 
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bare 

It  is  dear  that  the  resistance  of  the  wood  was  most 

efifectivo  when  the  fibres  were  in  a  yertical  position,  and 
least  elective  when  they  were  horizontal.  The  liorizontal 
fibres'  presented^  when  worn,  the  appearance  of  heaps  of 
broken  strings.'  It  is  evident,  further,  that  the  more 
nearly  the  fibres  were  presented  in  an  upright  position, 
the  less  was  the  wear,  and,  of  ooorsei  the  groater  was  the 
durabiliigr. 


CHAPTER  n. 


COKSTBUCnON  OF  MODERN  MACADAM  BOAD& 

Iir  addition  to  the  detailed  account  of  the  construction  of 

roads,  given  by  Mr.  Law,  in  the  first  part  of  this  work,  a 
few  words  may  be  added  as  to  the  usual  modes  of  construc- 
tion now  adopted.  The  levels,  gauges,  plummet-rules, 
and  prong-shovelsy  formerly  employed  in  the  setting  out 
and  construction  of  roads,  described  at  pages  84  to  88, 
are  not  now  used.  "Boning  rods"  are  used  for  fixing 
the  inclination  of  the  surfacei  longitudinaUj  and  trans- 
versely, by  the  eye. 

First-class  Metropolitan  Roads, — ^When  the  ground  has  boon 
excavated  and  levelled,  it  should  be  rolled,  when  it  consists 
of  day.  A  bottoming,  or  bed,  12  inches  thick,  of  ''hard* 
core,''  is  laid  on  the  ground;  it  may  consist^  of  brick- 
rubbish,  clinker,  old  broken  concrete,  broken  stono  or 
shivers,  or  any  other  hard  material,  in  pieces.  The  bed 
should  be  roUed  down  to  a  thickness  of  9  inches,  and  any 
loose  or  hollow  places  made  up  to  the  level. 

Next  comes  a  layer  of  Thames  ballast,  5  inches  thick, 
rolled  solidly  to  a  thickness  of  6  inches.  The  ballast 
serves  to  fill  up  the  vacancies  in  the  bottoming,  and,  being 
less  cosfty,  saves  so  much  of  the  cost  for  broken  granite. 

Broken  granite,  or  macadam,  is  laid  upon  the  prepared 
surface  of  the  ballast,  in  two  successive  lajej-s,  3  inches 
thick,  rolled  successively,  to  a  combined  thicknoas  ot 
4  inches ;  a  layer  of  sharp  sand,  \  inch  or  f  inch  thick 
should  be  scattered  over  the  second  la.^  er,  and  rolled  into 
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it  with  plenty  of  water.  But  it  is  better  to  add  the  sand 
and  the  water  as  the  second  layer  of  granite  is  laid|  and 

to  roll  them  well  together. 

Broken  Guernsey  granite,  which  is  hard  and  enduring, 
is  the  best  material  for  the  coating ;  Aberdeen  granite  is 
softer,  and  is  not  so  good  for  the  purpose.  Flints  are,  in 
Bomo  instances,  laid  instead  of  gi-anite ;  but  they  are 
worst  of  all  for  the  coat,  for  they  are  brittle,  and  are  soon 
reduced,  by  the  traffic,  to  small  fragments. 

In  transyerse  section,  the  contour  of  the  road  is  a 
segment  of  a  circle.  Indeed,  all  roads  and  streets  are, 
or  should  be,  circular  in  section.  The  general  practice  is, 
in  this  respect,  at  yarianee  with  the  practice  recommended 
by  Mr.  Law,  page  75,  where  he  recommends  that  the 
section  of  the  smface  should  be  formed  of  two  inclined 
straight  lines,  joined  by  a  flat  curve  at  the  middle,  form- 
ing a  species  of  ridgo.  The  advantage  of  the  circular 
section  consists  in  the  fulness  given  to  the  "  shoulders  " 
of  the  road,  n\  liich  lie  in  the  lines  of  the  traffic  on  each 
side  of  the  centre  line  of  the  road,  and  thus  present  a  full 
surface  for  wear. 

Sseand^lm  Metropolitan  Moada  are  usually  constructed 
of  a  hard  core  of  brick  rubbish,  or  other  material,  about 
9  inches  thick,  and  a  layer  of  broken  granite,  or  of  flints, 
about  four  inches  thick.  The  material  is  not,  in  general, 
submitted  to  rolling,  except  by  the  action  of  the  traffic. 

Country  Iioads. — The  regular  width  of  country  roads  13 
18  feet;  but  some  of  them  are  only  10  feet  wide,  and 
others  may  be  more  than  18  feet.  The  bottom  is  excayated 
with  a  flat  floor,  not  being  roimded  to  the  ooT^fAur  flm 
surface.  The  bottoiLjMjrygr,  or  hcud^coroj  consists  of  any 
haj^'^and  dry  rubbish: — broken  bricks,  lumps  of  chalk, 
or  hard  flints.  The  material  most  usually  employed  con-* 
sigfaof  flint-stones,  which  are  got  out  of  tho^^lds.  The 
,  largest  stones,  which  may  be  as  much  as  6  or  8  inches 
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acroas,  are  laid  at  the  bottom.  Chalk  flinte  answer  best 
far  the  bottoming.  They  are  rough,  and  thoy  bind 
firmly  together,  and  are  open,  affording  free  space  for 
drainage!  If  the  bottom  ia  of  solid  material,  as  chalk  or 
loek-sta^  the  bed  is.  laid  in  to  a  thickness  of  12  inches. 
If  it  be  soft,  as  of  clay  or  of  sand,  it  ia  made  up  to  a 
thickness  of  18  inches^ 

The  finishing  layer,  or  coating,  oonsists  of  flints  of  a 
smaU^^^e ;  they  are  broken  up,  if  necess^y  to  ihe 
usual  size  of  macadam,  and  are  laid  6  inches  thick.  No 
binding  of  any  kind  ia  employed^  nor  is  it  the  practice  to 
roll  the  roads. 


The  rise  of  a  road,  at  the  middle,  is  3  inches  for  a  width 
of  18  feet.  The  rule  for  the  rise  is  to  allow  1  inch  for 
every  6  feet  of  width : — giving  a  slope  of  1  in  36,  which  is 
sufiident  for  ranning  off  rain-water,  and  leaving  the  roads 
dry.  Tor  roads  1 0  feet  wide,  a  greater  degree  of  rise  is 
given,  where  ditches  cannot  be  got  in.  Openings  are 
made  through  the  fences  at  each  side  to  let  off  surfiace* 
Water  into  the  adjoining  fields.  Mr.  J.  O.  Grosbie  Dawson 
slates  that  he  has  made  many  gravel  roads,  from  12  to 
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18  inches  thick|  at  a  ooBt  of  team  28.  6d.  to  30.  6d.  per 

square  yard. 

The  general  confonnation  of  a  country  road,  with 
hedges,  and  with  an  open  ditch  at  one  or  both  sides,  for 
oollecting  surface  and  drainage  water,  is  shown  Ly  Fig.  40. 
Side  ditches  are  a  frequent  cause  of  overturns  and  other 
accidents.  The  improved  country  road,  proposed  by  tlie 
Commutes  of  th$  SooUty  of  ArU^  is  represented  by  Fig.  41, 


Xlff.  41.— PMpoted  Cooatry  Boad,  with  whMl-traeln  and  aabMil  dninf . 

in  which  the  side  drains  are  suppressed,  and  replaced  by 
oovered  drains,  which  act  also  as  subsoil  land-drains. 

Wheel-tracks  of  asphalto,  horse-tracks  of  concrete,  and  a 
foot-path  of  asphalte  are  also  proposed. 

*  Report  of  the  Committee  of  the  Society  of  Art«  on  TractiQH  on 
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MAavDAMIZED  BOADS.— WEAB. 

It  was   malataiued  by  Macadam  (see   page  90)  tliat 
for  ease  of  draft,  a  yielding^  eiustic  road  was  preferable 
to  a  road  constructed  according  to  the  prescription  of 
Mr*  Telford,  on  a  rigid  or  paved  foundation.   The  dis- 
tiuctioii  rests  entirely  upon  tlio  precise  signification  attached 
to  the  word    elastic."    If  the  elasticity  be  perfect,  like 
that  of  an  indiarubber  wheel-tire,  whore  the  reaction 
or  uplifting  force  is  exactly  equal  to  the  resistance  to 
depression  under  a  load,  it  may  be  logically  maintained 
that  the  elastic  road  is  better  for  draft.  But  this  condition 
is  impossible  in  practice ;  and  Mr.  Ptovia  exactly  defined 
an  elastic  road  as  "  that  which  will  give  way  by  preasure^ 
and  rise  again  to  its  original  position  when  the  pressure  ia 
removed  " — tacitly  assuming  that  time  is  consumed  in  the 
reaction,  after  the  pressure  is  removed.   Moreover,  as  Sir 
John  Macneil  justly  observed,    where  there  ia  a  yielding 
and  elasticity  in  the  road,  tlicre  must  be  motion  among  the 
pai'ticles  with  which  the  road  is  formed,  and  this  motion 
produces  wear.""*^  And,  again:  ''If  the  road  bo  weak  or 
elastic,  and  bend  or  yield  under  the  pressure  of  the  wheela 
the  particles  of  which  it  is  composed  will  move  and  rub 
against  each  other,  or  perhaps  break  by  the  action  of 
heavy  whe^  over  them.''  \    Herein  lies  the  gist  of  the 

•  "Roads,"  by  Sir  Henry  1' irncl],  page  412. 
t  Rpport  of  the  Sele     Committee  on  bteam  Caniagcs,  lt^31, 
I  ago  "^il. 
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argumont  ajB^ainst  the  admission  of  any  perceptible  ran  go 
of  elastic  action ;  and  Sir  John  Macneil  touched  the  essen- 
tial element  of  legitimate  elastio  action,  wlien  he  located  it 
on  the  Bnrface  and  at  the  point  of  contact."  This  is  pre- 
cisely the  modo  of  clastic  action  of  a  wood -pavement: — a 
material  which,  with  its  vertical  £bre,  acts  as  a  coat  of 
yelyet  might  be  suppoeed  to  do,  aamplj  to  absorb  and 
nentralise  minute  Tibration ;  and  it  is  the  only  kind  of 
action  that  is  admissible  in  the  work  of  a  road.  Sir  Jolin 
Macneil  adduced  the  results  of  experiments  on  London 
streets,  in  which  he  found  that,  when  broken  granite  was 
laid  down,  there  was  little  crushing  on  the  surface,  but  a 
good  deal  below.  He  found  *Hhat  a  great  portion  of  tlie 
wear  took  place  near  the  bottom;  the  stones  there  got 
round  after  a  very  short  time.  They  were  all  jumbled 
together;  the  lower  part  of  the  stratum  was  on  clay. 
Before  it  became  a  solid  mass  at  all,  the  wheels  worked 
through,  and  the  stones  were  kept  in  motion,  and  rubbing 
against  each  other,  from  top  to  bottom.''  Then  he  tried 
the  experiment  of  laying  "  a  portion  on  a  yery  solid  foun- 
dation, and  the  same  quantity  was  put  oyer  it.  I  took  up 
a  portion  of  both  roads,"  he  adds,  "  and  we  found,  where 
the  road  was  about  15  or  16  inches  thick  ([with  a  9-inch 
payement],  and  the  stones  6  inches  thick  oyer  the  broken 
pavement,  they  were  quite  square,  and  as  perfect  as  when 
put  on.  In  the  other  case  [simple  macadam],  it  was  not 
BO."  There  are  two  things  to  be  considered,  when  a 
road  is  newly  made :  there  is  yeiy  great  wear  indeed,  in 
the  first  instance,  if  there  be  not  a  pitched  foundation ; 
that  is  dilfcrent  from  the  wear  that  takes  place  when  it  is 
nearly  consolidated.  To  bring  it  into  a  solid  state,  the 
wear  is  great.  If  there  are  4  inches  of  broken  stone  on 
(he  top  <xf  a  pitched  foundation,  you  may  get  that  road  into 
a  perfectly  hard  and  consolidated  state,  by  the  ordinary 
travolliug  over  a  turnpike  road,  in  about  three  months; 
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but  if  you  put  on  the  same  thickness  of  stone,  without  a 
foundatioii,  yon  will  not  get  it  into  a  perfect  state  in  three 
or  four  times  as  long.''  * 

The  bearing  of  Sir  John  Macneil's  exliuustivo  evidence 
is  very  direct  upon  tlio  comparative  wear  of  **weak  or 
elastic  roads,*'  and  roads  with  a  rigid  payement-bottom. 
He  adduces  an  instance  in  which  an  experiment  was  accu- 
rately made  to  test  the  relative  wear  of  roads  so  con- 
structed: **The  wear  was  found  to  be  4  inches  of  hard 
stone,  when  it  was  placed  on  a  wet  day  bottom ;  while  it 
was  not  more  than  half  an  inch  on  a  solid  dry  foundation, 
or  with  a  pavement  bottom,  on  a  part  of  the  same  road, 
where  it  was  subject  to  tlie  same  trafEc."  f 

Estimates  have  been  formed  of  the  relative  tear  and 
wear  of  roads  due  to  the  action  of  the  horse-shoes  and  the 
action  of  wheels.  Mr.  John  Farey  stated  that  a  cart- 
horse, walking  at  a  speed  of  2^  miles  per  hour,  could  draw 
with  a  force  of  traction  of  100  lbs.,  on  an  average,  for 
8  hours  a  day ;  but  that  a  stage-coach  horse,  running  at  a 
speed  of  10  miles  an  hour,  could  not  exert  more  than 
28  lbs.  force  of  traction,  on  an  average,  for  IJ  hours  a 
day.  The  comparative  eiliciency  of  tlio  animal  is  readily 
worked  out.  The  work  done  per  hour,  on  duty,  and  per 
day,  are  as  follows  i— 

Work  done  in  poondi 

through  one  mile. 

tn^fperhonr.   ^'^^'^^^  mSe-poimdi.  in^poan4s 
Cdft-hoiM         .        2)        100  lha,        m  2000 
Stage  ccMich-hctse       10  28  „         280  420 

The  comparison  clearly  indicates  that,  whilst  the  work 
done  by  a  horse  per  hour  at  work,  is  a  little  greater  at 
10  miles  per  hour  than  at  a  fourth  of  the  speed,  the  day's 
work,  on  the  contrary,  is  vexy  much  less,— little  more  tiian 

«  «  Heads/'  by  Sir  Henry  Ftoidi,  pages  412,  418. 
t  Report  of  the  Select  Oommiltee  on  Steam  OttrriagQa*  1881 
page  97. 
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a  fifth.'  It  is  probable  that  the  injtiiy  done  to  the  road  is 
in  the  same  proportion  as  the  day's  work  done.  "In 
heavy  wagons,"  says  Mr.  Farey,  ^' drawn  slowly  by  horses, 
the  horses  do  far  more  injury,  by  digging  and  scraping 
with  their  feet,  than  is  done  by  the  horses  in  coaches  and 
vans  travelling  quickly;  because  the  wagon-horses,  having 
a  heavy  pull  to  make,  must  choose  places  in  the  road 
where  they  can  place  their  feet  in  depressions  in  order  to 
get  hold ;  hence,  on  a  smooth,  good  road,  they  slip,  and 
scrape  up  the  surface.''  Again:  "The horses,  by  treading 
wi^  their  feet,  excavate  and  scrape  out  depressions  in  the 
sur&oe  of  the  road ;  that  is  particularly  the  case  before 
the  road-materials  are  consolidated  into  a  solid  mass.  In 
this  manner,  the  horses,  after  injuring  the  road  them- 
selves, prepare  the  way  to  further  injury  to  the  road  by 
the  wheels  of  carriages."  * 

With  respect  to  the  comparative  action  on  a  road  of  the 
feet  of  horses  and  the  wheels  of  vehicles,  Mr.  Telford  con- 
sidered that  the  tearing  up  of  a  well-made  road  by  horses' 
feet  was  much  more  injurious  to  the  road  than  the  pressure 
of  the  wheels. 

Sir  John  Macneil  stated  that  a  four-horse  stago-coach 
weighed  from  I5i  cwt.  to  18  cwt.,  and  frequently  carried 
upwards  of  2  tons  <^  passengers  and  goods ;  and  the  total 
average  weight  amounted  to  from  2i  to  2J  tons  gross. 
The  tires  of  the  wheels  were,  in  general,  2  inches  wide ;  in 
some  instances  rather  less  than  2  inches.  Some  tires  were 
rounded,  forming  in  cross  section  a  segment  of  a  circle 
H  inch  in  diameter.  The  action  of  these  rounded  tires 
was  found  to  be  extremely  injurious  to  tho  road;  coach- 
men complained  that  carriages  fitted  with  such  rounded 
wheel-tires  "ran  wild"  in  descendiog  hills  in  summer; 
and  that  they  ran  "  heavy  "  in  winter,  when  the  roads  were 

*  lleport  of  Select  CommUtee  on  Steam  Garriagos,  1S31,  page  57* 
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Boft  and  muddy.  Mail-ooaches  weighed  very  nearly  20  cwt., 
and  frequently  carried  a  ton  of  letters  and  parcels,  in  addi- 
tion to  their  complement  of  passengers.  The  tires  of  their 
wlieels  were  2^  inches  wide.  Again,  the  four-horse  vans, 
vliichtraTelled  at  a  speed  of  6  miles  per  hour,  weighed,  on 
an  average,  4^  tons  gross,  with  2i-indi  tires.  There  were 
four  descriptions  of  wagon  in  general  use — S-horse,  C-horse, 
4-hor8e,  and  farm-wagons  of  2  or  4  horses.  Sir  John  Mac- 
ueil  maintained  that^  on  ail  gravel  roads,  however  made, 
without  foundation  or  bottoming,  the  load  on  the  road  £ot 
a  wheel  4  inches  wide  at  the  tire  should  not  exceed  15  ewt. ; 
and  for  wheels  of  less  width,  10  cwt.  He  gavo  a  table 
showing  the  weight  actually  carried  per  inch  of  width  of  tire- 
bearing,  and  what  he  conceived  might  be  the  width  of  tires 
i£  they  were  made  cylindrical,  with  an  even  bearing,  allow- 
ing 1  inch  of  total  width  of  fuiu-  wheels  for  each  ton  of  gross 
weight ;  ox  1  inch  of  width  in  each  tire  per  5  cwt.  of  gross 
weight. 

Table  No.  12.— Weight  of  Vehicles  and  Width  of  Tnuu  on 

Common  Boads. 

(Sm  JouN  Macneil.) 


Besn^Uitt  «f  Teliloile. 


Llail  coach 
Stage  coaoii 
Van 

Wagoa  • 
Do.  , 
Bo.  • 


I 

Width  1 

Speed  in 

Averse 

of  I 

miles  per 

gross 

wheels  ; 

hour. 

weight. 

and 

tires* 

miles. 

tons. 

inches. 

9  to  11 

2 

2i 

8  to  11 

2} 
H 

2 

G  to  7 

2i 

2i  to3 

6 

9 

•2ito3 

*4to3 

'4 

Pres-  j  Pres- 
sure ofisureper 
each    inch  of 


wheeL 


cwts. 

10 

125 

21-  25 
25 

22-  5 
17-5 


width. 


1 

Width  ofl 
wheel, 
allowinpr 
6  cwt.  per 
liiehoftit«. 


owts. 
4*40 

G-25 
8  29 
277 
8-75 
4-37 


inches. 
2 

2J 

H 
6 


'4 


From  the  table  it  appears  that,  in  the  four-horse  van,  the 
greatest  load  per  inch  of  tire  upon  the  road  amounted  to 

8*3  cwt.i  and  though  8ir  Jukn  Macneil  found  that  good 
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hard  roads  may  support  ooncentrated  loads  of  10  cwt.  per 

incli  of  width  of  tiro,  ho  considered  that,  for  tho  generality 
of  roads,"  the  concentrated  load  per  inch  of  width  of  tire 
ought  not  to  exceed  a  maximum  of  5  cwt*  He  judged  that 
the  wear  of  roads  caused  by  horses^  feet  increased  with  the 
speed  of  transit ;  and  adduced  in  support  of  this  conchision 
the  facts  that,  whilst  a  coach-horsOi  going  at  10  miles  per 
hour,  ran  270  miles  per  month,  and  wore  away  4  pounds 
of  iron  in  shoes;  a  wagon-horse  going  at  8  miles  per 
hour,  and  walking  26  miles  per  day,  or  416  miles  per 
month,  wore  away  4*8  pounds  of  iron  in  shoes.  From 
these  data^  it  appears  that  the  coach-horse  ran  67*5  miles 
for  each  poimd  of  iron  worn  off,  and  that  the  wagon- 
horse  walked  86*5  miles  for  each  pound  of  iron  worn  off. 
These  data,  though  they  show  a  greater  rate  of  wear  ut 
the  higher  speed,  scarcely  suffice  to  confirm  the  conclusion 
drawn  by  Sir  John  Maoneil ;  for  the  wear  of  shoes  is  due 
entirely  to  abrasion,  liilst  that  of  the  surface  of  the  road 
is  due  to  abrasion  combined  with  excavation.  According 
to  another  of  his  estimates,  it  appears  that,  in  running 
63,000  miles,  1,000  pounds  of  shoe-iron  were  worn  away; 
showing  that  63  miles  were  run  by  a  liorso  f  or  each  pound 
of  shoe-iron  worn  off.  It  also  appeared  that  for  an  equal 
mileage  of  mail-coaches  and  stage-coaches,  of  which 
the  hind  wheels  were  4  feet  8  inches  high,  and  the  fore 
wheels  3  feet  high,  the  tires  were  worn  down  from  tho 
original  section,  2  inches  wido  by  i  inch  thick  to  a 
thidmesB  of  i  inch,  losing  327  pounds;  showing  that 
193  miles  were  run  by  a  coach  for  each  pound  of  tire-iron 
worn  olf,  or  three  times  the  mileage  run  per  pound  of 
shoe-iron. 

From  the  evidence  of  the  comparatiTe  wear  of  shoe-iron 
and  tire-iron,  and  other  considerations,  6ir  John  Macneil 

framed  an  estimate  of  tho  relative  xiruportions  in  wliich  a 
road  was  deteriorated  by  the  action  of  atmospheric  changes, 
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v  liecls,  and  horses'  feet.  For  "  the  generality  of  roads 
the  proportions  were  as  follows : — 


Caoie  of  Wear  or  lin  jiny. 


For  IVist  Coftditi.   For  Wagonii 


Atmospbertc  changes      •  • 

Wheels  .... 

Horses'  foet  that  draw  the  Yeliicles 


per  cont.  per  cent, 

20  20 

20  35-5 

60  41-5 


100 


100 


Mr.  James  Macadam,  in  1831^  considered  that  a  vehicle 
of  any  description,  reqaized  to  cany  a  great  load,  say, 

6  or  8  tons,  ougiit  to  liavo  wheels  with  tires  at  least  4  inches 
wide,  flat  or  cylindrical.  He  preferred  that  width,  to  any 
other  width,  being  of  opinion  that  it  was  the  maximum 
width  of  tire  that  could  at  tiie  same  instant  touch  the  sur- 
face of  a  well-formed  road.*  For  a  gross  weight  of  8  tons, 
or  2  tons  per  wheel,  it  is  seen  that  the  weight  amounted 
to  9  cwt.  per  inch  of  width — considerably  in  excess  of  the 
working  limit  assigned  by  Sir  John  Macneil. 

M.  Dupuit  tested  the  width  of  surface  in  active  contact 
with  tires  of  various  widths,  on  roads  slightly  wetted;  and 
he  found  that  the  marks  of  contact  with  the  road  traced  on 
the  middle  of  the  tires  were  practically  of  equal  width  for 
various  widtlis  of  tire,  amounting  to  about  ok  inches  on  a 
tire  6J  inches  wide.  The  pressure  appeared  not  to  have 
been  uniformly  distributed  over  the  width  of  surfisoe  in 
contact ;  and  near  the  edges  of  the  tires  the  pressure  was 
nearly  nothing.  On  the  tires  of  a  stage-coach,  5 J  inches 
wide,  the  width  of  contact  was  limited  to  2^  inches.  M.  • 
Dupuit  ascribes  the  limitation  of  width  of  contact  to  the 
natural  rounding  of  the  tires  by  wear  and  stress,  towards 
the  edges,  by  which  the  circumference  of  the  wooden  felHes 
themselves  are  likewise  rounded ;  and  he  condemns,  as 
illusory,  the  use  of  wide  tires  for  the  better  distributing  of 
excessive  loads.   He  maintains  that  wide  tires  are  only 

'  *  Beport  of  the  Select  Committee  on  Steam  Carriages,  1831,  page  91. 
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useful  wlien  tlioy  take  a  bearing  for  the  Tvholo  width, 
which  can  only  happen  when  the  road  is  soft,  loose,  or  in 
bad  oouditiott ;  or  when  the  ruts  are  filled  up  and  require 
to  be  rolled.  As  a  matter  of  fact,  a  6}-ineh  tire  practically 
becomes,  after  a  few  days,  a  5. § -inch  tire ;  and,  after  a  few 
months  of  wear,  a  44-inch  tire.  He  adds  that  6f-iDr>h 
tires  wear  out  after  nmning  10,000  miles,  losing  630 
pounds  of  iron ;  diowing  that  for  each  pound  of  iron  worn 
oli',  ID  miles  were  traversed: — less  than  a  fourth  of  tho 
mileage  per  pound  deduced  from  3ir  John  Macneil's 
data  for  wagons,  and  countenancing,  certainly,  M.  Dupuit's 
opinion  that  great  width  of  tire  is  illusory,  and  adds  weight 
without  efhciency. 

From  these  and  other  considerations,  it  is  oLvious  that 
the  wear  of  macadam  roads  must  necessarily  be  much 
greater  than  that  of  paved  roads  or  streets.  Mr.  Mitchell's 
remarkable  analysis  of  tlio  material  of  a  macadam  road, 
about  to  be  noticed,  places  this  conclusion  in  a  clear 
light. 

A  cubic  yard  of  broken  stone  metal,  of  an  ordlnaiy 

size — 2  inches  or  2.1  inches  cube — when  screened  and 
beaten  down  in  regular  layers  6  inches  thick,  contains, 
according  to  Mr.  Mitchell,  11  cubic  feet  of  interspaces,  as 
tested  by  filling  up  tho  metal  with  a  liquid.  Heir  K 
Bokeberg,  of  Hanover,  who,  says  Mr.  Paget,  made  many 
very  careful  experiments  on  the  proportion  of  vacuity  to 
solid  material,  found  that,  in  a  loosely-heaped  cubic  yard 
of  broken  stones,  void  space  amounted  to  one -half  of 
the  total  volume.  As  the  stones  became  rounded  at  the 
comers  by  wear,  the  vacuities  were  reduced  to  37  per  cent, 
of  the  gross  bulk,  or  to  1 0  cubic  feet  These  results  indicate 
that  the  interspaces  of  the  new  stones  were  reduced  by 
compression  to  nearly  the  same  volume  as  was  attained  after 
the  comers  had  been  rounded  without  compression.  The 
operation  of  consolidation  necessarily  reduces  the  thickness 

I.  , 
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of  the  coating.  A  large  portion  of  tlie  vacant  apace  be- 
comes filled  witli  mudy  wliicii  forms  the  cementing  matter, 
ground  from  the  metal.  The  primitiye  mass  of  Id  solid 
cubic  feet  of  broken  stone  is,  in  fact,  crushed  into  eveiy 
variety  of  form  down  to  the  finest  sand, — a  small  proportion 
only  of  the  stones  remaining  of  their  original  dimousions. 

Mr.  Mitchell*  gives  the  results  of  an  analysis  of  a  portion 
of  the  crust — ^2^  cubic  feet — of  the  macadamised  road  in  the 
Maill,  in  St.  James's  Park,  which  was  taken  up  for  examina- 
tion. Tlie  component  parts  of  the  sample  were  care^Uy 
separated  and  classedi  when  it  was  found  that  one  cubic 
yard  contained — 

Cnbte  Per 
feet.  cent. 

Mud   11*00  or  41 

Sand,  with  pebbles,  not  exceeding  3-16  inch  thick    2'40  9 
StooGSp  from  S-16  inch  to  i  inch      •        •        •    6-dS    tt  24 
Stonoa,  from, }  inch  to  1  mch .        •        •        •    4*48    y»  16} 
StoneSi  from  1  inch  to  2^  inch        •        •        «    2*56    „  9| 

Total  To^mne,  1  cubic  yard,  or  27  00  100 

From  this  analysb,  it  appears  that  less  than  9^  per  cent, 
^say,  one-tenth — of  the  original  stone  escaped  unground ; 
whilst  40  per  cent,  of  it  was  reduced  to  the  state  of  mud. 

These  proportions,  tulvon  ass  they  stand,  are  too  favourablo 
for  the  duration  of  the  istuno  in  that  instance,  for,  no  doubt, 
the  sample  was  a  sample  of  the  remains  of  stone,  much  of 
which  must  have  been  swept  or  washed  oB.  out  of  sight. 
Mr.  Burt,  therefore,  cannot  be  much  amiss  in  his  estimate 
that  one-third  of  the  loose  load-material  used  in  London  is 
literally  wasted  by  being  ground  up  under  the  traffic 
before  the  consolidation  of  the  surface  is  effected. 

The  logical  inference  is  that  a  macadamised  road  is  not 
properly  fit  for  traffic  unless  it  is  condensed,  consolidated, , 
and  reduced  to  a  hard  and  regular  surface  by  suitable 

•  Kew  Hods  ol  Oonatruoluig  the  Suifaoe  of  the  Stneto  and. 
TbocoQiMiBxoi  9i  London  and  cOmt  Groat  Citioa^"  1870. 
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appliances.  The  road-roUcr  lias  lung  been  succesafuUjr 
employed  in  France  and  Gtoimany  for  this  purpose.  Mr. 
Paget*  states  that  a  weU-roUed  road-covering  contains  at 

least  froia  70  to  80  per  cent,  of  mass  of  stone,  leaving  only 
£rom  20  to  30  per  cent,  of  intermediate  spacer  most  of 
which  is  Med,  espedallj  at  the  top,  with  dean  sand.  In 
a  cubic  yard,  the  spaces  would  amount  to  from  5)-  to  8  cubic 
feet,  which  would  prove  that  the  spaces  are  reduced  by 
rolling  to  nearly  a  half  of  the  amount  when  the  now  metal 
is  not  rolled.  It  is  scarcely  necessazy  to  insist  on  the  in- 
crease of  durabilify,  and  the  dear  gain  in  economy  of 
maintenance,  of  the  road,  by  efficient  rolling.  The  reduc- 
tion of  gross  bulk  by  the  process  of  rolling,  is  measured  by 
the  difference  of  the  volumes  of  interspace,  13^  cubic  feet, 
or  half  a  cubic  yard,  and,  say,  6}  cubic  feet,  the  mean  of 
51^  and  8  cubic  feet ;  that  is,  the  reduction  is  (13^  —  6f  =) 
6f  cubic  feet,  which  is  one-fourth  of  the  primitive  bulk,  or 
one-half  of  the  primitive  volume  of  the  interspaces. 

It  was  said  by  Macadam  that  the  annual  wear  of 
metalled  roads  amounted  to  from  1  indi  to  4  inches  of 
depth.  The  rate  of  vertical  wear  is  readily  calculated 
when  the  area  of  surface  covered  and  the  quantity  oi 
metal  deposited  are  known. 

Since  a  cubic  yard  of  loose  broken  stone  contains  only 
one-half  of  its  volume,  or  13J  cubic  feet,  of  solid  stone,  its 
weighty  allowing  12  cubic  feet  of  solid  granite  to  1  ton,  is 

13"5 

approximately,  1  X  -r^  = 

Again,  one  cubic  yard  is  equivalent  to  3G  square  yards 
1  inch  deep ;  and  1  ton  of  metal  laid  without  compression 

to  a  depth  of  1  inch  covers  an  area  of  (36  x  tt  ^) 
square  yards.    When  the  metal  is  laid  and  rolled,  the 

•    Kcport  on  Steam  Hoad-BoUingr,"  p.  10« 
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primitive  volume  is  reduced,  as  was  found,  by  one-fourth, 
and  1  ion  of  rolled  metal  laid  to  a  depth  of  1  inch  covers 
an  area  one-fourth  less  than  32,  or  (32  x  f  ^)  24  square 
yards. 

On  these  data,  the  following  rules  are  framed ; — 

"RuLR  1. — To  find  the  average  vertieai  depth  of  wear  per  jfear 

of  a  maeadamised  road,  when  the  area  of  evrfaee^  and  the  weight 

of  metal  laid  per  year^  are  given, — ^Multiply  the  quantity  of 

broken  granite  laid  per  year,  in  tons,  by  32  when  not 

rolled ;  or  by  24  when  rolled ;  and  divide  the  product  by 

the  area  covered,  in  square  yards.   The  quotient  is  the 

average  vertical  depth  of  wear  per  year. 

Tor  example,  Mr.  Redman  stated,  in  1854,  that  on  the 

Commercial  Eoad,  in  the  east  end  of  London,  10  yaids 

wide  and  2  miles  long,  the  quantity  of  coating  of  broken 

granite  required  was  from  1  inch  to  H  inches  deep  per 

year,  or  a  total  of  1,200  tons  of  metal.    The  heavy  traffic 

of  the  road  was  then,  as  it  is  now,  conveyed  on  two  lines 

of  granite  tramway,  consisting  of  four  tracks  16  inches 

in  width,  occupying  together  a  width  of  64  inches,  or  1*78 

yards.     The    net  width  for  macadam  was,  therefore, 

(10  —  1-78  =)  8-22  yards.    The  length  was  (2  x  1,760  =) 

3,620  yards;  and  the  area  of  macadam  was  (3,520  X  8*22 

=)  28,934  square  yards.   By  the  rule,  for  unrolled  metal, 

the  average  vertical  depth  of  material  supplied,  and  of 

„        1,200  X  32      ,      .    ,  ,  .  ,  . 

course  worn  off,  was  — ,       — ,  =s  1'38  inches ;  which  is 

nearly  the  mean  of  1  and  H  inches  given  by  Mr.  Bedman.- 

The  converse  rule  follows  directly  : — 

Kui«£  2.^ — To  find  the  area  of  surface  thai  can  he  covered  by 
one  ton  of  broken  granite,  when  the  thiekneee  of  the  lager  t$ 
gi^en, — ^Divide  32  hy  the  thickness  of  the  layer,  in  inches, 
unrolled  ;  or,  divide  24  by  the  thickness  of  the  layer,  in 
inches,  when  rolled.  The  quotient  is  the  area  in  square 
yards* 
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"When  the  quantity  is  given  in  bulk,  the  rule  is  as 
follows 

lluLE  3. — To  find  the  area  of  surface  that  can  he  coicred  hy 
one  cuhic  yard  of  broken  granite,  when  the  thickness  of  the  layer 
u  ytVtfft.— When  the  metal  is  not  rolled,  divide  36  by 
the  thickness  in  inches;  the  quotient  is  the  number  of 
BCjuaro  yards  that  can  Lo  covorod.  Allien  tlie  metal  is 
rolled,  divide  27  by  the  final  thickucsB  iu  inches,  to  give 
the  required  quotient. 

The  carriage-way  of  old  Westminster  Bridge,  30  feet 
wide,  was  worn  away,  according  to  Mr.  Browse,  at  the 
rate  of  5i  inches  annually ;  the  carriage-way  of  Bridge 
Street,  adjoining  the  bridge,  wears  off  7  inches  per  year. 

The  quantity  of  broken  metal  worn  away  annually  from 
the  surface  of  roads,  is  an  exceedingly  variable  quantity, 
dependent  not  only  upon  the  nature  of  the  traffic,  but  also 
Upon  the  mode  of  maintaining  the  road.  A  simple  method 
of  approximating  to  the  annual  rate  of  wear,  when  direct 
evidence  is  wanting,  is  suggested  by  data  given  by  Mr. 
Paget.*  He  takes  the  average  price  of  the  five-ounce 
Guernsey  granite  metalling,  used  in  London  in  1869-70, 
at  16«.  per  ton  delivered  on  the  roads,  and  he  shows  that 
the  cost  of  the  material  formed  a  large  proportion  of  the 
total  cost  fur  maintenance.   For  instance : — 


Total  oofltfor 

Cost  of 

maintenance. 

materiaL 

Bond  Street     •  • 

£245 

£216 

or  88  DOT  cent. 

Piccadilly 

1384 

1359 

„  98 

If 

Bridge  Street,  AVostmimtor 

341 

305 

n 

Parliament  Street  • 

528 

473 

90 

n 

Victoria  Street  • 

,  869 

744 

„  86 

Kensington  Eoad  • 

1588 

1414 

„  90 

» 

Totals 

4955 

4511 

„  91 

showing  that  about  nine-tenths  of  the  whole  cost  is 
*  *'  Report  OIL  Steam  Boad-BoUing/'  page  S2. 
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expended  on  the  purchase  of  metal.  When  the  total  cost 
is  known,  therefore,  together  with  the  superficial  area  of 
carriage-way  maintained,  the  cost  may  be  converted  into 
tons  by  dividing  it  by  16««,  and  the  q  uantity  and  depth  per 
8(iuare  yard,  approximately,  may  be  deduced. 


t 


CHATTER  IV. 

« 

ICAOADAHISED  BOADS:— OOST. 

The  price  of  Guernsey  metalKng,  delivered  in  London, 
is  now  (1877)  about  lis.  6 J.  per  ton.  An  ordinary  mac- 
adamised road,  constructed  in  the  best  manner,  witk  metal 
laid  9  inchee  deep,  costs,  at  London  prices,  6«,  3d.  per 
square  yard. 

It  appears,  from  a  table  elaborated  by  Mr.  Paget,*  that 
in  1869  there  were  1,127  miles  of  macadamised  roads  in  the 
metropolis,  maintained  by  39  parishes  and  district  boards  of 
works,  comprising  an  area  of  upwards  of  2H  millions  of 
square  yards.  The  expenditure  for  maintenance,  exclusive 
of  cost  for  cleansing  and  watering,  averaged  from  four* 
teen  of  the  returns,  amounted  to  £250  per  mile  of  road  per 
year,  cij^uivalent  to  28,  lOfl?.  per  lineal  yard.  If  the  average 
width  of  roadway  be  taken  at  10  yards,  the  cost  would  be 
at  the  rate  of  3*4  pence  per  square  yard.  The  ascertained 
costs  of  maintenance  appear  to  have  varied  from  If  pence 
to  2«.  per  square  yard  per  year  for  broken  granite  covering ; 
and  for  granite,  and  flint  and  gravel  coverings,  taken  to- 
gether, from  li  pence  to  14}  pence.  The  following 
table,  No.  13,  is  abstracted  from  the  larger  table  of  Mr. 
Paget 

•  *'  Beport  m  Steam  Bead-Rolling/' 
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TabiiB  No.  13.— Hacabaiiisxd  Boabb  dv  Xioxoox:  Akkcal  Coftx  of 
Haintskamcb  of  bomb  op  thbbb  Roads  dt  1868-69. 
(EzcliudTO  of  Ctoosumg  and  Watering.) 


• 

Lail  irith  broktii 

gianite. 

Ijiid  ^f^h 
broken  flints  or 
graveL 

Tutnl  of  miic- 

s  >» 

d  >» , 
C  . 

c 

Finiiali  or  Diatrki 

ce  >> 
c  • 
l£  ^ 

• 

c 
S 

• 

Botrd  of  Works. 

« 

•& 
a 

tc 

c 

•r" 

r 

• 

•0 

Si 

— 

C 

«  c 
^  >^ 

M 

& 

^  a> 
5  = 

1 

6  2 

I' 
<J 

c  a 



, 
1 

1 

mis  v(lt< 

feet. 

d. 

m.  V 
lit-  J  . 

feet. 

— ~ 

|_  

m  V. 
III.  J. 

f.ot 

St.  Mary,  l>iinil)elh 

io  U 

1 

St.  George,  Han- 

i 

over  Sqnuro  .    .  ' 

li  0 

40 

21 0 

40 

l-3l' 

St.  lioonard,  bhoro-  1 

ditch  .... 

St.  Mary,  Ncwing- 

1 

toa  •   •   •  •  • 

5  0 

132* 

1 

St.  Giles,  Camiber- 

1 

^v-*!!  .... 

7  0 

43  0 

50  0 

4?>* 

St.  James  and  St. 

Joliii,  Clerken- 

wcU  .... 

2  0 

9  0 

0 

St.  George  the  Mar- 

tyr, Soiithwark  . 

15  0 

33 

2 

St.  Martiu's-in-Uie-  1 

Fields  .    .    .    .  ' 

1  -llo 

30 

10  t 

MUuEud  Old  Town 

21  0 

3'» 

St.  John,  Hamp- 

8tead    .    .    .    .  1 

33  0 

Wostminater  Dis- 

trict .... 

Wandsworth — Bat- 

iflMea  •  .   *  • 

2.; 

Wands  worth  -Toot- 

ingy  Stroatham  . 

Hackney  Pi^^trict  . 

7  0 

24 

Strand  District 

0  170 

St.  Saviour's     .  . 

8  0 

1 

Plumstead   •  •  * 

27  0 

20 

13  0 

40  0 

*  Including  Cleansing  and  Watering. 

4  Principal  thoioiiglinre  of  St.  liartm'a^in-tliA-FMUs  oost  St.  per  w|iibi»  |ard 

per  ye  ir. 

:  1  his  cost,  of  14{d.,  is  tho  cost  for  maintenance  of  Parliament  Street,  White- 
hall, Great  George  Street,  Brtwd  &motiiary.  Victoria  Street,  Bridge  Sti  eot,  Great 
Smith  Street,  James  Street,  Kensington  Boad,  Ezhilution  Koad,  Priuoes  Street, 
and  Bo«beit«r  Bow.  Total  area— TS^S^  squan  yards. 
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The  actual  extent  of  the  yariatioa  of  the  cost  of  mainte- 
nance of  macadamiBed  roads  in  London,  is  not  revealed  by 

these  tabulated  statoinents.  The  costs  for  individual  roads 
or  streets, — ^principal  thoroughfares, — exclusive  of  cleans- 
ingy  have  been  stated,  by  Yarious  competent  authoxitie8| 
to  be  as  follows 


Arintial  cost 

Year. 

i'er  sq.  yd. 

Parliament  Street      •        •  • 

1856 

2e.4d. 

Bo.              .        •  ■ 

1869 

Sfl.  3d. 

Bridge  Street,  Westminster    *  • 

1856,  1869 

38.  6)d. 

Great  Gteorge  Street,  WestmiiiBtor  • 

1856 

6Jd. 

WestminBter  Bridge  (Old) 

1854 

2a.  Od* 

FiceadiUy       «        •        •  • 

1834-48 

2a.  5d. 

Do.          •        •        •  • 

1870 

3a.  6d.  to  4a. 

Koig^t  Street  •        .        •  • 

1876 

3a.  7d. 

CranboTime  Street  and  Kotib  Side  of 

I/dccBter  Square  •        •  • 

1870 

28.  od. 

Avemge  annual  coat 

•  • 

2b.  7id. 

If  the  average  amount  of  vertical  wear  be  estimated 

from  tlicso  rates  of  cost,  in  the  manner  before  indicated, 
taking  90  per  cent,  as  the  cost  for  metal,  the  vertical  wear 
would  be  found  to  vary  from  1  inch  to  7  inches  per  year. 
But,  it  must  be  admitted,  this  mode  of  estimation,  though 
suggestive,  is  inexact. 

Suburban  Illghaays, — The  Author  is  indebted  to  Mr. 
George  Pinchbeck  for  statistics  of  the  cost  for  maintaining 
the  suburban  highways  of  the  Metropolis,  Middlesex  side, 
for  one  year,  in  or  about  the  year  1855.  Tlio  highways 
were  comprised  in  the  ibilowing  Metropolitan  Trusts : — 
Kensington,  Uxbridge,  Harrow,  Kilbum,  Highg^te,Hamp* 
stead  and  Islington,  Stamford  Hill,  and  Hackney  Lea 
Bridge. 

Total  length  of  roads  for  this  accounti  123^  miles. 
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MACADAM  ROADS. 


'Day  lalxrar,  indiidiiig  Uie  pumping  of  water  •  • 
Digging  grayel  and  preparing  materiak,  por  contract 
Tram  laljour,  incliiding  watering 
Flints,  per  contract  •  • 
Grarel  do.  •  •  • 
Granite  and  hard  stone  %  • 
\Micelwright  workt  per  contract 
Implements  •  .  •  • 
Smiths  •  •  •  •  • 
Carpenters  .  •  •  . 
Bricklayers  .  .  .  *  . 
btand-posts,  watcr-plugs^  pumps:— 
Pavior's  Lill  . 

Water  for  lioads,  from  Companies 
Material  and  Labonr.  • 


JKcpain 


Rent  of  rrcmiscs 
Salaries  of  Eight  Surveyors,  at  £110 

Do.       >'nginecr-in-Chicf  . 

Do.  Solicitor 

Do.       Accountant    •  • 


General  Expenses 

Total  Cost 


Total. 
£9,500 

1,830 
13,500 

1,951 

2,460 
29,430 
640 
255 
158 
251 
328 
3dd 
165 

2  000 


Per  milo, 

£77-03 
14*84 
109*50 
15-82 
19  94 
238  60 
6*19 
207 
1  28 
2-04 
2-6G 
2-9G 
1-34 
10'22 


£G2,833  or  £509-5 


270 


1,3G0 


2  19 
11-03 
700  6-68 
400  3-25 
350        2  85 


£3,080  or  £25*0 


£65,913  or  £534-5 


If  tlio  width  be  taken  at  an  average  of  30  feet,  or  10 
yards,  the  area  maintained  per  mile  would  be  17,600  yards; 
and  the  total  cost  would  amount  to  7'29  pence,  say  7ld., 
per  square  yard  for  the  year,  made  up  as  iullows : — 


Haterisl  and  Labour  • 
Oeneral  Expenses  • 


Per  square  yard* 
I      6*95  pence 
•34 


7*29  peace. 


There  were  required,  in  addition,  tho  services  of  42  Com- 
missioners, which  were  rendered  gratuitously. 
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The  cost  for  material — tliat  is,  gravel,  flints,  and  granite 
and  other  hard  stone — amounted  to  £35,671  per  year,  or 
j&289*20  per  mile,  or  about  4  pence  per  square  yard ;  being 
54  per  cent,  of  the  total  expenses. 

For  tlio  purpose  of  forming  an  estimate  of  the  quantities 
of  granite  and  flints  consumed  by  wear,  Mr.  Pinchbeck 
calculates  them  from  the  total  costs  for  the  materials, 
allowing  15  shillings  per  cubic  yard  for  granite  and  hard 
stone,  and  4  shillings  for  flints.  He  thence  deduces  that 
the  total  quantities  consumed  were  4,000  cubic  yards  of 
granite  laid  over  100  miles  of  road,  and  10,000  cubic  yards 
of  flint  laid  over,  say,  25  miles  of  road ;  being  at  the  rato 
of  about  7i  inches  deep  of  granite  and  of  flints  for  the 
year. 

Local  Baada. — ^The  minor  roads  of  the  parish  of  Islington, 
36  miles  in  length,  were  maintained  by  the  authorities 

themselves.  The  average  cost  during  four  yc<ars  was 
£8,424  per  year,  or  £234  per  mile ;  which,  taking  an 
average  width  of  30  feet,  would  be  at  the  rate  of  3'1;5 
pence  per  square  yard. 

BlBMIWOHAM. 

According  to  the  results  of  the  experience  of  mac- 
adamised roads  in  Birmingham,  in  1853,"*  it  was  found 
that  the  yertical  wear  in  Bull  Street  was  less  than 

6  inches  per  year,  where  2,484  vehicles,  comprising  very 
heavy  traffic,  passed  in  ten  hours  in  one  day.  With  this 
exception,  the  greatest  amount  of  wear  was  4  inches  per 
year,  and,  taking  the  average  wear  for  the  whole  borough 

at  2  inches  j^er  year,  which  was  a  very  high  rate,  the  total 
'  cost  for  maintenance  was  estimated  at  Ad.  per  square  yard 
per  year.  Adding  2^.  for  the  cost  of  watering  and  cleansing, 

♦  "  On  ^raculamised  J\oid3  for  the  Streets  of  Towns,"  by  lilr.  J.  P. 
Smith,  in  the  ^roc^edingt  of  the  ImtUution  of  Civil  Enginwi^  voL  xiiL 
page  22  !• 


166  MACADAM  R0AD8. 

tlio  total  annual  cost  was  estimated  at  Gd,  per  square 
yard. 

But  the  actual  cost  for  the  jear  1853,  when  the  actual 
average  wear  was  1|  inch  per  year,  amounted  to  a  little 

over  S^d.  per  sq^uare  yard.  The  items  of  cost  are  given  as 
follows ; — 

Length.  Area.  Matwlal  ttwd*  CostOi 

Hiles.  Sq.yds.    Tona.  matciial. 
Urban  itreets    .    84     359,010  20^112  rag  stone,  at  As.  lid.  £5,949  18  6 

SQbmrlMaistEeett 

aadzoadi     .  iiG  1,420420  3G,107 pebUMsnd8nvd»at8B.6d«  4,5t3  7  6 
'm  1,980,100  «^819  10^468  To 

Mr.  Bmith  takes  the  yolume  of  materials  at  the  rate  of 

a  cubic  yard  per  ton,  whence  tlic  calculated  rates  ol  vertical 
wear  ;— 

Vertical  Coet  of 
Material,    wear  material 
Cab.  yds.  per  yd.  persq.yd. 

inciiea.  per  year. 
Urban  Btreets       •        •        «      20»112     2  4cL 

Suburban  streets  and  roads.        •      36»107     0*91  fd. 


Total      .      66,219       li  1*40 

The  cost  for  labour,  haulage,  management,  &c.,  indusivo 
of  cleansing  and  watering,  amoimted  to  £16,131  59,  6d.; 

aud  the  items  of  cost  may  be  presented  concisely  tiius 

Birmingham.  1863.  P«  aq.  yd.  Per  Mn€«a 

Macadam  .  .  .     £10,463    6    0       l-40d.  £70* 

Labour,  managcmeut,  &o.       16,131   5   6      2*16d.  108 

26,594  11  6      f*56d.  ^178 

showing  atoial  cost  of  3*56  pence  per  square  yard  per  yeart 
as  before  stated;  or  £178  per  lineal  mile  of  street  and 
road. 

The  statement  in  detail,  supplied  by  Mr.  Smith,  shows 
the  respective  amounts  for  the  various  items  of  cost,  as  here 
given.  The  proportional  values  of  these  amounts  are  added 
as  percentages  of  the  total  cost : — 
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Birmin^^hani.  l8o3.  Perceat 

L  Staff  of  officers  and  men      •        •  £6,979  10  7  26*8 

3.  Keep  of  63  hotses,  shoeizig,  and  vete- 
rinary ezpensea     .        •  •  8»276  0  0  12*8 

3.  Bagatone  and  Haitsbill  aUma  ,  5,949  18  6  22*4 

4.  Pebbka  and  gxayel  •  .  •  4,513  7  6  17  0 
6.  Water  .  .  .  .  771  3  8  2-9 
6.  geansing  manhinea  and  brooma  .  965  6  8  3*6 
9.  Team  biro      .         ,         .  .  631  7  2  2  4 

10.  Rent   12  0  0  0  0005 

11.  Gearing          .          .         •          ,  114  6  4  0  4 

12.  Wheelwright  .  •  •  .  423  7  3  1-6 
18.  Stationery  .  .  ,  ,  117  7  9  0  4 
22.  Sundry  accounts        •         .         •  2840  6  1  107 

Total  cost  for  maintenance^  deanamg^, 

and  watering  .         •  £26,594  11  6  100  0 

Here  it  is  shown  that  the  cost  for  macadamising  materials 
for  maintenance  amounted  to  about  40  per  cent,  of  the 

total  cost.  Tlie  cost  of  coarse-grained  schist,  with  23  per 
cent,  of  lime,  was  49.  9^.  per  cubic  yard.  For  heavy 
fhoroughfaresy  it  was  broken  up  into  cubes  of  about 
2  inches ;  but,  in  some  cases,  where  the  traffic  was  more 
than  ordinarily  severe,  the  pieces  were  4  inches  in  thick- 
ness. Generally,  for  streets  with  less  traffic,  the  thickness 
was  from  1  inch  to  li  inches.  The  size  of  the  stones  was 
proportioned  to  the  wear  and  tear  of  the  streets,  and  was 
suited  to  the  season  of  the  year. 

In  the  management  of  repairs  by  Mr.  Smitli,  they  were 
executed  during  the  winter  months — ^November,  December, 
January,  and  Febmaiy — when  theroads  were  in  theirwettest 
condition ;  and  during  the  other  months  of  the  }  ear,  the 
horses  were  employed  in  bringing,  and  the  men  in  pre- 
paring, the  broken  stone  and  gravel.  The  new  material, 
laid  in  the  wet  season,  bonded^  and  became  more  rapidly 
eonsolidated,  than  if  it  had  been  laid  down  during  drier 
weather,  and  there  was  less  need  for  watering  it.  Tlie 
consequence  was  that,  during  summer,  loose  stones  wore 
scarcely  to  be  seen  upon  the  roads. 
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A\liilst  tlio  average  cost  for  niaiiitainlnp:  the  whole  of 
the  macadamised  streets  and  roada  of  iiirmingham  has 
been  shown  to  be  about  3^^.  per  square  yard  per  year,  the 
following  estimates  were  framed  by  Mr.  W.  Taylor,  of  the 
first  cost,  and  the  cost  for  mainteiianco  and  cleansing  tho 
streets  of  tho  greatest  traffic  in  Birmingham,  when  mac- 
adamisod,  and  when  payed  with  granite  sets;  taking  a 
period  of  fifteen  years  for  the  duration  of  the  sets,  and 
tuiiing  a  vertical  wear  of  4  inclies  of  macadam  annually 

Macadam 

Birmingliam.  Per  squoxe   Per  reax 

yora.  d. 

Macadam  6  iadieB  tbick,  first  cost       .        «      la.  6d.  or  1-2 
Coating^  laid  twice  a  year,  4  inches  thick,!  I|.2 
annuaUy,  14  years  at  Is.      •        •        /        •    •  » 


158.  6d.  „  12-4 

Ciuanbiiig,  lo  years  at  4d.  •         •         •      6s.  Od.  „  4'0 


Total  cost  for  macadam,  in  15  yean    •    20b.  6d.  »  l^'^ 


Paving. 
yet  square         Per  rear, 
yard.  d. 

Pavingr,  first  cost  •  .  .  7s.  6d.  or  6-0 
llepair,  15  years       •        •         •      Is.  6d.    ,9  1*2 

9s.  Od.  ^  7-2 

Deduct,  value  ol  old  stone    «        •      2s.  Gd.  «  2  0 

63.  Gd.  6-2 

Cleansing,  15  years  at  Id.     •         «       Is.  3d.  „  I'O 

Total  cost  for  paving,  m  15  yeazs     7s.  9d.  »  6-2 

The  streets  of  Derby  are,  or  at  least  they  hare  been 

until  recently,  macadamised,  -vnth  one  excejition,  which 
is  paved.  The  following  instructive  table  gives  particulars 
of  cost  for  maintenance  and  deunsing  of  twelve  principal 
streets  in  Derby,  and  the  proportional  traffic* 

•  Slightly  adapted  from  a  Table  given  in  a  il  port  of  Mr.  E.  B* 
EUice-Oiarl^  Surveyor  to  tho  Borough  of  Derby,  May,  IS76. 
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Taulb  Ho.  14.— Derby. —"^fAr apamiskt)  Stiieet8,  Costs  fo&  Haxittb* 

NiiKCE  A^'I>  Cleansiko. 


Name  of  Street, 

Area. 

1 

Annn.ll 
cost for 
mainte- 
nance 1 

per 
tquare 
yaxd. 

Annxial 

cost  for 

cleans- 
ing per 
square 
yard. 

Total 

annual 

cost  for 
mainte- 
nance 
^nd 
cleans- 
ing per 
aq.  yd. 

NumbeJ 
of  vehi-i 

cles  in 
12 

bouiv. 

Bridge  Gate 

St.  Helen's  Street 

Wardwick  •  . 

lion  Gaie  • 
Coin  jNIarket 
St.  Peter's  Siicut 

London  Road 

London  Street 
Tenant  Street 
St.  Janicsi's  Street 
Sidjdals  Boad 

sq.  yd. 
:^931 
1203 
984 
1562 
1695 
o230 

4859 

2847 
1245 
995 
472S 

Broken  botf  dors 
Do.    granite . 
Do.  do. 
Do.  do. 
Do.  do. 
Do.  do. 
Do.  boulders ) 
aiid  granite  / 
Do.  do. 
Do.  do. 
Do.  do. 
Do.  do. 

a.  d. 

1  6 

1  2^ 

'  I 

7: 

1  2] 

7^ 
icj 

1  2 

6 

* 

t 

■ 

t 

d. 

6i 
bl 

4 

3i 
3 

2 

3 

3} 
4} 
3 

8.  «I. 

2  i 

1  7} 
1  11 
lU 
10} 
1  5} 

1  u 

1  6} 
10 

10} 

vchiclea 
1268 
685 
1258 
1506 
2031 
2762 

1272 

1200 
1260 
711 
1931 

Avoi  fii^'  s  for  > 
macadam  j 

11 

I  3i 

1431 

Derweni  Street, 
paving  down 
7  years 

3483 

^  SetoS^X  5" 

nil 

1668 

It  is  to  be  remarked,  in  tliia  table,  that  the  boulder 
macadam  of  Bridge  Uato  incurs  a  higlier  cost  for  mainte- 
nance than  any  of  the  granites.  Wardwick,  upon  which- 
tho  gieatest  cost  for  cleansing  is  expended,  is  cleansed 
daily.  The  average  annual  cost  for  maintenance  for  eleven 
macadamised  streets  is  11<^.  per  square  yard,  and  for 
cleansing  ^^d,  \  whilst,  for  the  seven  years  during  which  the 
paving  has  been  down,  it  has  not  cost  anything  for  main- 
tenance, but  it  has  cost  for  cleansing  2\d. 

Mr.  Ellice- Clark  has  formed  estimates  of  the  cost  for 
construction  and  maintenance  of  granite -set  paving,  in 
substitution  for  macadam,  for  five  streets  in  Derby ;  from 
which  the  following  table,  No.  15,  is  compiled: — 
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Table  No.  15.— Deuuy: — Estimated  Cost  for  Pavino  aku  Mirm»Allf« 

ING  Five  SxiiEETd. 

Granite  ISets  3  inches  wide  by  6  inches  deep. 


Kanieof8tz«0t. 

•Dv.rii- 
tioa  of, 

lUA&t. 

First  cost 
per  square 
yard. 

Cost  for 
niflintenanrr 

per  square 
yard. 

! 

Total  cost  j 
per  squaire 

■  to 

a  ^  , 

C  ^  , 

€}  'X  ^ 
"   ^  #-t 

—  rt 

3  c  0. 

o  -* 

u  5  £ 

O  <u  a. 

Total. 

Ter 

Total. 

Per 

Total. 

Ter 
7«ar. 

o  o 

r  =  -J-' 

^  • 

r-  a; 

Bri(li?e  Gkte 
.^t  Helen's  Street 
Lon  Ion  Koad 
Tenant  Stre(  t 
Sidda  d  Kood 

- 

24  1 

29 
32 
28 

a.  d. 
13  0 

13  0 
1  12  G 
113  0 

12  6 

d. 
6*5 

5-4 

4  7 

O'O 

i-7 

s.  d. 
7  6 

7  G 
(i  G 
7  2 
G  G 

d. 
3-8 

3-1  ! 
2-4  J 
31 
2-14 

s.  d. 
2)  6 

20  C 

19  0 

20  2 
19  0 

d. 

10.1 
8.V 
7^ 

A 

•u 
'1 

2 
1 

1\ 

s.       U  ■ 

1  0.'. 
lOl 

H 

10 

Averages  • 

29 

0-36 

80 

8-36 

It 

10 

The  first  cost  includes  the  cost  for  a  foundation  of  oon* 

Crete.  No  deduction  has  been  made  by  Mr.  Ellice -Clark 
for  the  value  of  the  old  materials ;  this  ia  taken  as  equi- 
valent to  the  oofit  of  xemoving  the  existing  macadam.  In 
the  estimates  for  maintenance,  provision  is  made  for  taking 

up,  ro-dressiug,  and  re-la^iug  the  stones  once  during  the 
period. 

From  the  foregoing  data,  a  comparison  is  readily  framed 
between  the  costs  in  perpetuity  for  macadam  already  laid 

and  new  granite-paving,  inchiding  a  foundation  of  con* 
oretOi  for  the  Eve  streets  named  iu  the  last  table 
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Tabls  No.  16.— Derby: — Compakative  Costs  poe  GaANiTB  Tavb 

MEXT  AND  Macadam. 

FaTement  of  Granite  Sets,  3  indhes  by  6  inches  deep. 


Nome  oi  Street. 

Dura- 
tion of 
Pave- 
ment. 

1 

Total  cost  for  pave- 
ment per  sq.  yd., 

including  iounda- 
tionofoQiiorete. 

Total  coBt  for 
macadam,  already 
laid,  per  iquaxe 
yard. 

Number 

of 
vehicles 
in  U 
hourm. 

For  the 

whole 

poiod. 

Per  yearj 

For  the 

whole 

period. 

Per  year. 

Bridge  Gatn 
Bt.  Helen's  Street 
London  Boad, 
Tenant  Stroet  . 
SiddalsBoad 

1  Years. 

29 
32 
28 
32 

8.  d. 

25  0 

26  4 

21  8 
28  8 

22  4 

8.  d. 
10 

H 

8.  d. 
49  0 
47  9 
24  8 
42  7 
18  6 

8.  d. 

2  J 

1  7i 

9:: 
1  6: 
10} 

Yeiacuee. 
1268 
58a 
1272 
1250 
1931 

Ay^ges 

29 

24  2 

10 

39  11 

I  4J 

1261 

Suhdeblaio). 

Mr.  D.  Balfour reported,  iu  on  the  cost  for  main- 

tenance of  the  highways  of  the  Sunderland  and  Houghton- 
le-Spring  DiBtrict,  before  and  after  the  passing  of  the 
Highway  and  Turnpike  Act  of  1869.  For  tihe  maintenance 

of  77^  miles  of  highway,  the  following  wci  o  the  respectivo 
ooBtfl.   The  last  two  lines  are  added  by  the  writer : — 

Atbeaob  Annual  ExPEXDrruBE. 


HaierialB  and  Lalxmr  • 
General  GhBjges*  • 

Total  Cost  .  • 
Do.  do.  per  mile  . 
Po.    do.  per  square 


Ihuinglast 
8  years, 
OldAflt. 

£1,903 

During  last 
6i  years, 
liewAef* 

£1,735 

284 

During  last 
3  years, 
NewAot. 

£1,609 
277 

£1,903 

£2,019 

£1,786 

£24-5 

£26 

£23 

\  3'34d. 

8*65d. 

8*14d. 

•  «<  Eoad  Legislation  and  Surveying."    By  D.  Balfour,  A.I.C.E., 
Surveyor  and  Engineer  to  the  Sunderland  and  Honghton-Ie-Spring 
Highway  Board,  1876. 
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DistBiciB  msAB  Edinbuboh,  Glasqow,  and  Oaruslb. 

Mr.  James  H.  Cunningliam,  in  his  paper  already  noted, 
gives  the  following  particulars  of  csost  of  oonstruction  of 
macadam  roads  in  the  south  of  Scotland 

Country  Eoads  (1861 — 1674)  cost  from  U.  2d,  to  1«.  6rf. 
per  square  yard. 

Town  Beads,  founded  on  shiyers,  or  on  hard  set  stone  :— 

16  mdies  of  mettd  (1871)  oort  Is.  9d.  per  square  yard. 
16  „        „      (1874)  „  2s.4<L      „  ^ 
18  „        „       (1873)  „  2s.  Hid.  „  „ 

Of  whin  metal,  from  2  inches  to  2i  inches  thick, — ^e 

average  price  (1861 — 1874)  was  4.8.  lOd.  per  cubic  yard. 
In  Edinbugh  (1874)  the  price  was  5«.  9d,  to  7*.  Sd.  per 
ton,  averaging  6«.  Sd.  per  ton,  and  as,  according  to  Mr, 
Cunningham,  one  cubic  yard  of  whin  metal,  containing 
40  per  cent,  of  vacant  space,  weighs  27  cwt.,  the  average 
price  is  at  the  rate  of  4«.  lOd,  per  cubic  yard, — the  same 
as  the  average  already  given. 
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CX)J^Cii£T£  BOADS. 

1£b.  Joseph  Mitchell  designed  a  concrete  macadam  but* 
face,  in  wliich  the  spaces^  otherwise  yaoant,  and  ultimately 

filled  with  the  muddy  cementing  matter  of  worn  macadam, 
are,  in  the  construction  of  the  concrete  road,  filled  with 
an  admixture  of  Portland  cement^  or  other  hydraulic 
cement  grout.  The  concrete  thus  formed  rapidly  becomes 
a  uniform  and  imporvious  mass,  which  is  wholly  unaffected 
by  heat  or  moisture.   It  is  mixed  in  these  proportions : — 

Broken  stones  *        «        .4  measmm 

Glean  sharp  sand      «      .  t  to  „ 

Portland  cemeat      t        *        .    I  „ 

So,  for  a  cubic  yard,  or  27  cubic  feet,  of  broken  metal, 
6|  cubio  feet,  or  1^  barrels  (of  44-  cubic  feet),  of  Portland 
cement,  are  required. '  The  broken  metal  should  be  of  the 
hardest  quality,  of  uniform  size,  thoroughly  screened  ;  and 
it  should,  when  in  the  screen,  be  dipped  up  and  down  in  a 
large  tub  of  water,  and  then  thrown  on  the  platfom  on 
which  the  concrete  is  to  be  made.   Oement  of  the  best 

quality  must  be  employed,  and  the  sand  biiould  bo  sharp, 
clean,  and  gritty.  The  surface  of  the  ground  is  brought 
to  fonn,  and  rolled  sereral  times.  The  concrete  is  then 
laid  on  the  surface  in  a  layer  3  or  4  indies,  and  is  left  for 
three  days  to  harden.  The  second  layer  of  3  or  4  inches 
is  next  laid  on  the  firgt,  and  immediately  rolled  to  form 
with  a  heavy  iron  roller,  as  heavy  as  two  or  threo  men  can 
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th'aw.  Tlio  cement  Bliould  bo  left  for  tliroe  weeks,  to  alluw 
it  to  become  quite  liaid,  before  the  road  is  opened  for 
traffic^  although  a  week  has  been  found  to  be  a  sufficient 
internal. 

Mr.  Mitchell  states  that  a  concrete  road,  7  inches  deep 
at  the  middle  and  5  inches  at  the  sides,  is  suihcicnt  for 
ordinary  traffic*  For  hea,ry  traffic,  a  depth  of  8  inches  is 
recommended. 

The  first  piece  of  concrete  road  was  laid,  in  1865,  in 
Invernesa,  and  consisted  of  46  lineal  yards  of  tlie  approach 
to  the  goods  station  of  the  railway.  In  1870,  after  the 
road  had  been  under  traffic  for  4)-  years^  it  was  reported 
that  the  wear  of  the  surface  was  scarcely  appreciable, 
whilst  the  adjoining  n^acadamised  road  had  been  coated 
frequently  OTeiy  year. 

Another  specimen^  50  yards  long  and  15  yards  wide, 
was  laid  in  1866,  on  George  IV.  Bridge,  Edinburgh, 
where  the  traffic  is  heavy  and  continuous.  At  the  end 
of  H  years,  under  traffic,  the  surfa^  was  perfectly  sound 
and  immovable. 

The  amount  of  vertical  ^vear,  during  the  periods  above- 
named,  appears  not  to  have  exceeded  i  inch.  But  Mr.  J. 
H.  Cunningham,  writing  in  Januazy,  1875,*  stated  that  it 
was  then  much  worn  at  the  surface,  in  consequence,  he 
thought,  of  its  great  hardness  and  rigidity. 

A  concrete  road,  of  6  inches  average  depth,  would  cost 
in  London,  by  Hr.  Mitchell's  estimate,  6#.  IQd,  per  square 
yard,  against  6«.  Sd,  per  square  yard  for  an  ordinary 
macadamised  road,  constructed  in  the  best  manner,  with 
9  inches  of  metal. 

•  See  Mr.  Cunningham's  paper  on  "  Streets,"  in  the  FrocetdingB  ^/ 
tU  Minbwrgh  md  Uith  Mkgumrt'  Sacistp,  1874-75,  pa^  18. 
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CHAPTER  VI. 

MACADAMISED  ROADWAYS  IN  FilAKC£. 

M.  BujfASy  in  the  article  already  referred  to  (page  20), 
maintained  that,  if  a  macadamised  road  be  projoerly  and 

actively  watched,  levelled,  and  cleaned,  a  fouudatioTi,  aa 
8uch»  is  of  no  special  utility,  and  may  be  suppressed ;  and 
that  the  road  should  be  simply  a  uniform  bed  of  small 
materials. 

The  width  of  the  old  roads,  he  says,  was  excessive, 
amounting  sometimeB  to  nearly  80  feet,  with  a  pavement 
in  the  middle,  from  16  to  20  feet  wide.  They  are  now 
made  of  widths  of  from  8  to  14  metres,  or  26  to  46  feet. 
Type-sections  of  French  and  Belgian  roads  and  streets  are 
shown  in  Figs.  42  to  44. 

There  is  no  need,  saya  M.  Dumas,  for  great  thickness  of 


Fig.  42.— fleotion  of  Bne  de  Bivo]i«  Puli. 


road,  provided  that  a  compact  and  impermeable  mass  be 
formed,  completely  shielding  the  ground  from  moisture. 

Tlie  least  thickness  that  may  be  given  depends  on  the  size 
of  the  materials.  If  the  pieces  are  2  inches  or  2^  inches 
diameter^  mixed  with  pieces  of  smaller  size,  a  solid  road- 
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^ray  may  be  formed,  of  a  thickness  not  exceeding  4  inches. 
Inferior  qualify  of  material,  bad  groundi  or  heavy  trafEc, 
does  not  imperatively  demand  greater  thickness,  if  the 
road  be  well  and  continuously  maintained.   Four  inches 


Fig.  4a.— Type-Section,  BM^Bhia. 


of  thickness  may  be  regarded  as  sufficient ;  it  may  bo  pm* 

dent  to  malvo  a  thickness  of  6  inches ;  and  any  execs- 
above  8  inches  is  completely  useless. 


Fig.  44.-Type-Seelioii,  Bdginm. 


The  curvature  of  the  old  roada  iraa  excessive.  Tlie  rise 
was  from  1  in  14  to  1  in  12.    The  most  convenient  rise  is 

1  in  33,  which  is  much  more  than  sufRcient  for  aAvcll-kept 
road.   The  minimum  appears  to  bo  1  in  50 ;  which  is  the 
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slope  upon  whicli  the  weight  is  in  equilibrium  with  the 
Motional  resistance  on  loads  in  good  condition.  When 
newly  made,  the  riBe  may  be  1  in  25,  to  allow  for  "^o 
greater  wear  at  the  centre  than  at  the  sides.  The  form  of 
the  base,  or  surface  of  the  ground,  may  fo^ow  the  curva- 
ture of  the  suxface;  but  M.  Dumas  prefers  a  horizontal 
line,  as  in  all  respects  preferable.  A  road  10  metres,  or 
33  feet  wide,  with  a  rise  of  1  in  33,  and  an  average  thick- 
ness of  4  inches,  on  a  horizontal  base,  would  have,  accord- 
ing to  M.  Dumas,  a  thickness  of  8  inches  at  the  middle  or 
crown,  and  2  inches  at  the  sides.  But  these  measure- 
ments are  not  consistent  with  each  other. 

The  material  for  tlio  road  must  have  the  qualities  of 
hardness,  and  facility  for  binding.  The  largest  pieces 
must  pass  through  a  2^--inch  ring;  the  smaller  pieces 
occupy  the  interspaces.  The  2  J-inch  gauge  is  x)erhaps  too 
large  for  very  hard  material,  but  it  is  more  than  suihcient 
for  the  softer  materials.  The  smallest  dibris  of  broken 
material  should  be  preserved,  and  spread  on  the  surfece. 
For  gravel,  tlio  lower  limit  of  sizo  is  lixed  by  the  use  of  a 
sieve  having  ^-inch  meshes ;  otherwise  there  may  be  no- 
thing but  sand  for  binding.  The  smallest  pieces  should 
be  on  the  upper  surface ;  if  not,  the  Tq)per  pieces  are 
broken.  It  is  a\  o11,  finally,  to  br^ak  tku  pieces  on  the 
made  surface :  the  debris  binds. 

For  the  consolidation  of  the  road,  it  should  be  rolled 
and  watered.  The  cylinder  of  the  roller  should  be  from 
6  feet  to  feet  in  diameter,  and  5  feet  wide  ;  weighing, 
empty,  3  tons,  and  full,  6  tons.  The  maximum  weight, 
when  loaded,  should  be  from  8  to  10  tons.  These  weights 
give  a  pressure  Yar3ring  from  112  pounds  to  370  XK>unds 
per  inch  of  width;  the  suflFiciency  of  whicli  lias  boon 
proved  by  experience.  The  emx)ty  roller  is  first  used; 
then  the  full  roller;  and,  lastly,  the  weighted  roller. 
Sand  or  other  binding,  with  water,  are  thrown  on  the 
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surface  at  intervals  ;  the  water  helps  to  bind  the  new 
material.  The  material  binds  most  speedily  wlien  the 
thickness  is  4  or  5  inches.  For  this  thickness  8  or  IC 
traverses  are  snffioient: — two  traverses  dry,  witli  the 
empty  roller ;  two,  with  a  layer  of  detritus  and  the  empty 
roller ;  two  with  the  full  roller,  two  with  the  loaded  roller, 
and  one  at  an  interval  of  from  8  to  15  dajs  after  the  road 
is  opened  for  feraffio.  The  same  number  of  horses  per- 
form the  work  of  rolling  from  first  to  last.  But  the  sur- 
face of  inclined  portions  may  be  injured  by  the  feel;  of  the 
horses ;  and  the  injury  is  partially  prevented  by  increas- 
ing the  number  of  horses.  It  is  nearly  impossible  to  roll 
over  inclines  steeper  than  1  iu  20. 

If  the  metal  is  more  than  4  or  5  inches  thick,  it  should 
be  deposited  in  two  successive  layezs,  to  be  rolled  succes- 
sively ;  although  the  first  layer  should  not  be  completely 
rolled ;  and  the  second  layer  should  be  laid  after  the  sur- 
face of  the  £rst  has  been  roughed  by  the  tralEc. 

The  surface  is  kept  up  by  the  use  of  a  stamper  or 
rammer,  weighing  from  15  to  20  pounds,  which  is  8  inches 
in  diameter  at  tho  l)ase,  and  is  shod  with  iron.  In  some 
cases,  stamping  may  be  applied  with  advantage,  instead 
of  rolling. 

A  road  constructed  on  the  system  above  described, 

4  inches  thick,  is  superior  to  a  road  8  or  10  inches  in 
thickness,  consolidated  by  wheels,  and  with  successive 
additions  of  material. 

The  flanks  of  the  road  or  the  bermes  (aeediemeiiis)^  con- 
sisting* of  the  natural  ground,  are  fit  for  traffic  during  tlie 
greater  part  of  the  year. 

**  All  these  proceedings,"  says  M.  Dumas,  "  have,  £o\ 
their  basis,  the  principle  of  the  maximum  ofheautyj^ 
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STOKE  PAVEM£NT&-CITy  OF  LONDON. 

It  lias  been  stated  that  the  streets  of  London  wore,  pre- 
viously to  the  introduction  of  granite  sets,  paved  with 
pebbles  or  boulder-stones,  wMcb  were  bedded  in  sand,  and 
constituted  pebble-paving.  This  pavement  was  gradually 
superseded  by  a  pavement  of  irregular  blocks  of  stone,  and 
ultimately  by  rectangular  granite  sets,  or  cubed  granite," 
as  they  are  sometimes  desig^nated ;  until,  in  1848^  tbere  re* 
niained  only  one  niile  of  pebble-paving  in  a  total  length 
of  50  miles,  in  the  City  alone.  Granite  sets  of  comparatively 
large  dimensions  were  at  first  employed.  They  were 
from  6  to  8  inches  in  width  on  the  surface,  by  from  10  to 
20  inches  in  length,  with  a  dej)th  of  9  inches.  As  origi- 
nally laid,  they  were  merely  laid  in  rows  on  the  subsoil, 
and,  after  the  usual  process  of  grouting  and  ramming, 
the  street  was  thrown  open  for  the  traffic  which  was  ex- 
pected  to  perform  tlie  last  duty  of  tho  pavior,  and  to  settle 
each  stone  upon  its  bed.  The  large  wooden  rammer,  of 
84  pounds  weight,  was  obviously  insufficient  for  the  piur* 
pose  of  enabling  the  pavement  to  resist,  without  fiirther 
movement,  the  percussion  of  heavily  weighted  wheels.  In 
1850,  however,  and  probably  for  some  time  previously,  it 
had  become  the  general  practice  to  make  a  good  sub- 
stratum of "  hard  core,"  consisting  of  shivers,  broken  stone, 
brick  rubbish,  clinker,  or  other  hard  material, — not 
necessarily  of  the  size  of  macadam,  nor,  on  the  contraiy, 
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laid  on  a  pavement  on  the  Telford  sj-stom  of  road -making, 
hut  a  medium  between  these  extremes  of  practice,  suck  as 
Telford  himself  recommended  in  1824.  The  substratum 
of  hard-core  hasjbeen  usually  lajd  to  a  depth  of  from 
9  iuelies  to  12  imjies  ;  hut  a  thickness  of  15  inches  has 
been  laid  down  in  the  principal  strafttn  of      fi^tv.  Upon 


Tig.  4ifi.— StoDA  BBTemeni  of  King  WmiAm  8tnet»  (Stjr  ot  Londoa 


the  hard  core  was  laid  a  jtratum  ^f^and,  iiito jwhich  the^ 
stone  sets  were  Jbedd^id.  Fig.  45  shows  a  section  of 
Jung^Wniiam  Street,  as  originally  paved. 

The  following  table,  No.  17,  gives  the  dates  of  the  for- 
mation of  some  of  the  earliest  carriage-way  granite  pave- 
ments laid  in  the  leading  thoroughfares  in  the  City  of 
London,  with  their  superficial  dimensions,  and  the  lengths 
of  time  that  they  remained  before  being  removed  to  other 
places.* 

*  This  table  is  compiled  from  the  Reports  of  lieatenaat-Coloiiel 
Haywood,  Engineer  and  Surveyor  to  the  Conumsuonen  of  Sewera 
of  the  City  of  London.  The  writer  is  indebted  to  this  yalnabie 
scries  of  Reports  for  the  greater  proportion  of  the  materials  employed 
in  the  prepuration  of  what  follows  with  respect  to  the  streets  of  the 
City  of  liondon. 
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Table  Ko.  17. — Citt  op  L  ondon  ;~Eahliest  CARiiiAOE-WAr  GiUNlTB 

Pavemknts  i>  Lkadino  Thoiiougufaues. 


Aberdeen  Granito  Sets,  G  inches  wide  by  9  inches  deep* 


1 

Nama  of  Thorough- 
fftre. 

When 
laid. 

1 

'  When  taken 

1 

Time 
down. 

Ilemarlu. 

I  xeuT. 

AM  AUK  V  liJMCvW  • 

1928 

1  1818 

20  < 

TinHtyiiti*  Hill 

9f 

I  18t4 

16 

ft 

i  1847 

19  1 

1 

25  1 

Bishopsi^'ato    St.  ) 
Without  .  1 

f> 

1 

1  18^8 

Poultry 

1829 

1841  &*43 

11  ft  13 

Avuioveu  xor  wooci  paviug^ 

Cheapsido 

if 

1843  & '44 

14&10 

1      jjo.  do. 

1         1843  IftlAJjr. 

A  till  111^ UUU  lOvACvv 

1830 

AWUUU  AAA  AQBO 

it 

1845 

15 

i* 

1842 

12 

B/fiinoved  tor  wood  nATinir 

AAUc^A  ~  ^  u  I/O  DwCv'OW  •  1 

StPaul'sGhvrch- ) 

vnrd         .  1 
J                 •        y  j 

TTnll^n'TTi  ' 

A~I.VXi/UX  11              •  • 

1831 

1857 

26 

$» 

1  R47 

10  1 

1 

a 

1849 

18 

X  AAA  CaUXlVvUAU  « 

it 

18G2 

31 

1832 

1846 

14 

If 

1852 

20 

Cannon  Street  • 

f> 

1856 

24 

Walbrook 

! 

Little  Moorfieldsl 
(seta  5  in.  by  7)  J 

1833 

6tiUd0waittI8S8 

King  William  St.  • 

1834 

,  1849 

15  1 

Princes  Street  • 

1835 

1850 

15 

]Mark  Lane  . 

1837 

1856 

19  i 

Houndsditch  • 

1853 

16  \ 

Fore  Street  . 

1838 

1856 

18  ! 

Near!}  the  wliole  of  the  stones  -^liich  formed  these  early 
pavements  vi'o.s  removed  to  and  laid  in  places  of  secondary 
ti'afidc  within  the  City,  where  their  duiation  has  been  as 
great  as,  and  in  some  instances  greater  than,  it  had  abready 
been  in  the  original  tiioroughfares. 

The  cost  for  reparation,  up  to  the  year  1840,  of  36  streets 
laid  Yv^ith  granite  sets  6  inches  wide  and  9  inches  dee^^^  in* 
eluding  nearly  all  the  streets  named  in  the  preceding  table, 
was  calculated  by  Mr.  Kelsey,  formerly  ^e  City  Surveyor, 
and  the  results  aic  given  in  ^he  foiiuwing  table,  No.  18. 
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Table  No.  18. — Cost  for  Reparation  of  Carrtaoe-way  Pavemextb, 

Laid  with  6-incli  Gzaaite  Sets,  in  i  He  City  of  London,  up  to  the 

year  1840. 


NmneofStieet 


AWgate  High  Ftrt  1 1 
Aldgate  Street,  and 

Aldgate 
Aldersgate  Street  . 
Arthur  Street  West 
Bishopsgate  Street 

Without 
Bishopsgate  Street 

Within 
Bud'^c    Ttow  and 

^y^aV^n<^  street  . 
Cannon  vSti  eet . 
Cheapside  and  Po  !• 

try      .      •  • 
Coleman  Street  • 
Ccrnhill  .  • 
Bowgatr  Hill  . 
Farringdon  Street  . 
Fenchurch  Street  . 
Fleet  Street  . 
Fish  Street  Hill 
Gracechurch  Street . 
Ho  bom  Bridf^c  and 

Skinner  Street 
HolbomHiU  . 


Average 
oost  of  repap 

ration  per 
square  y^ird 


Napme  of  Street. 


pjnce. 

over  i 

over 
over 


over  j 
over  \ 

nearly  1 

1^ 

not 

o^er 

nearly  J 
not 
over 
nearly  1; 
not 
not 


not 


Holbom  . 

King  Street,  Snow 
HiU     .      .  . 

King  Street,  Cheap- 
side 

Leadenhall  Street  . 

Long  Lane 

Lombard  Street 

Ludgate  Hill  and 
Street  . 

Newgate  Street 

JS'ew  Bridge  Street 
(part  of) 

Old  Bailey  (paii  of) 

Pavement,  The 

Qiiccn  Street  . 

Shoe  Lane  (part  of)  . 

St.  Pauls  Church- 
yard 

Threadneedle  Street 

Walbrook  •  • 
Wood  Street  , 


Average  cost  for  rc< 
pair,  say  . 


Average 
oostof  repa- 

ra(i;>n  per 
squiirc  yard 
per  year. 


pence, 
over  1 

over 


4 


not  i 
nearly  2 
not  \ 
rly  ij 


nea: 
not 

not 

not 
not 
not 


over 
not 

over 


1 


? 

1 

H 
1 


1  penny 


The  averay  coat  for  repajr,  ncoording  tn  tho  jjMtk^  vnnj 
be  taken  at  Id,  per  square  ^rd  per  year.    The  first  oost 

was  considerably  ailected  by  the  nature  of  the  pavement 
laid, — ^the  size  of  the  stones,  the  nature  of  the  granite,  and 
the  market  price  of  the  material.  Colonel  Haywood  esti- 
mated  tihat,  for  stones  9  inches  injlf>pt,h,  it xangod Jrom 
lis.  to  lis,  per  squarejiflrd. 

Tlie  long  continuance  of  the  system  of  paving  with  large 
blocks  resulted  from  the  experience  of  their  great  dura- 
bility and  economy  in  first  cost.  But  they  did  not  afford 
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sufEcient  foothold  for  liorse-traillc.  Granite  sets  of  less 
width  vere  Bubsequentlj  laid: — ^they  were  5  iaohes  and 
4  inches  in  width ;  and,  finall}^  sets  of  only  3  inches  in  width 
w^re  laid.  Tho  3-incli  sets,  wiili  a  depth  of  9  inches,  al- 
though they  were  considered  to  be  the  least  durable,  and 
the  greatest  in  first  cost,  pioyed  to  be  bj  far  the  safest  for 
paying,  and  they  gare  more  satisfaction  than  the  wider 
sets.  The  merit  of  their  introduction  is  duo  to  Mr.  ^Vcllke^, 
under  whose  direction  Blackfriars  Bridge  was,  iu  1840, 
paved  witii  d-inch  granite  aets.  Mr.  Walker  attached 
great  importance  to  the  obtainment  of  a  solid  substratum* 
Blackfriars  Bridge,  to  the  paving  of  which  allusion  has 
already  been  made,  was  closed  for  some  weeks^  in  order 
that  the  concrete  foundation  might  have  time  to  set  and 
harden,  before  the  pavement  was  laid  down.  The  narrow 
granite  sots  were  laid  with  a  great  degree  of  accuracy,  and 
the  whole  mass  was  bedded  as  if  it  was  composed  of  bricks : 
the  stones  were  bedded  in  good  mortar,  and  the  joints  were 
well  filled  with  it,  and  in  consequence  of  the  careful  work- 
manship, with  the  use  of  ncirrow  stones,  the  work  remciined 
good  for  13  jem,  at  the  end  of  which  time  it  was  lifted* 

From  that  time — 1840 — the  use  of  S-incih  seta  was  ex* 
tended,  until,  in  1848,  there  were,  in  the  City  of  London 
alone,  three  miles  of  carriage-way  paved  with  them.  The 
following  analysis,  prepared  by  Colonel  Haywood,  shows 
tho  lengths  of  the  various  kinds  of  pavement  in  the  City 
of  London,  in  November,  1848  :— 

GiTT  or  IiOSBOX  Fatbubkis,  nr  Notucbbb,  1848. 

Miles. 

Oftimge-way  pavement  of  pebbles  or  boulders     .        .  about  1 
Oamage-way  payement  of  6-iiich,  d-inch,  and  4 -inch 

granite  sets  (nearly  the  whole  being  6-inch  sets)       «  28  J 

Carriage-way  pavement  of  3 -inch  sets      ,         •         *      ^  Z 
WoofI  pavement,  various  kinds      .         «         •         •      •  i 
Macadamised  road,  iu  Flnsbury  Circus     «         •         «      w  i 
Flagstone  paving,  courts,  alleys,  &c.        •         «        •      »  18^ 

Total        .        •        «        •  60^ 
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In  1851,  there  were  51  miles  of  public  ways  in  tlie  City 
contaiuing 

441,2dO  square  yards  of  carriage-iray,  aTeiagmgp  lor,  say,  34^  nuleii 

about  22  feet  wide. 
328,907  square  yards  of  footway. 

770,X57 


In  1866|  Colonel  Haywood  reported  that  theie  were 
then  50  miles  of  public  way 

Main  thoroughfares  •  «  t  •  •  7 
Collateral  thoroughfares  •  ,  •  «  «  28 
Minor  8treets»  courts^  aUeys,  pasaagssy  &Ct         •  .15 

60 

Area  of  earriage-way,  alwni  •        •  800,1260  square  yards. 
Bo.  footway         ^     •        •  309,018  ^ 


699,278 


Eegarding  tlie  question  in  all  its  bearings,  Colonel 

Haywood  concluded  that  the  3-inch  granite  sets,  Leing 

safest,  as  giving  the  best  fnofhr^Ul,  wa^a  ih^  ]^^^  fnr  largA 

towns  with ^^reat  faaffic.    On  such  a  pavement,  horses 
wereJeBS^Sained,  there  was  less  wear  and  tear  of  vehicles,^ 
and  a  greater  degree_of  quietness  and  general  comfort. 
They  made  the  most  even  pavementi  and  they  retained 
eve  n  surface,  longer  than  any  other  stone  pavement  that 
hadbeen  tried^ 

In  adopting,  in  1848,  the  conclusion  that  3-inch  sets — > 
that  is,  granite  sets  3  inches  in  thickness,  with  a  depth  of 
9  inches — were  the  best  for  large  towns,  Colonel  Say  wood 
had  before  him  the  experience  of  a  trial  piece  of  what  was 
called  the  Euston  pavement  in  Mount  Sorrel  granite,  which 
had  been  laid  in  1845,  in  Watiing  Street,  and  relaid  in 
1848.   This  pavement  derived  its  name  from  the  circum- 
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stance  of  its  baring  been  laid  about  the  year  1843,  at  the 
departure  side  of  the  Euston  Station  of  the  London  and 

North  Western  Railway.  The  same  sort  of  ^tavemont  laid 
pxeyioueiy  been  tried  experimentalij,  and  for  the  first  time, 
in  1838,  at  Bixmingham,  at  the  crossing  of  a  street,  where 
heavy  loaded  "wagons  were  constantly  passing  oyer  it,  and, 
in  1850,  it  was  stated  by  Mr.  William  Taylor*  to  bo  iu  aa 
perfect  a  condition  as  when  it  was  first  laid.  Mr.  Taylor's 
motiTOS  £oT  adTocating  the  Euston  pavement,  were  based 
upon  the  principle  advocated  by  Macadam,— <to  provide  a 
foundatioii  possessing  a  certain  amount  of  elasticity,  but  of 
sufficient  strength  to  support  the  surface  material ;  but  he 
substituted  ''one  stratum  of  solid  granite,"  in  the  form  of 
paving-stones  4  Inches  deep,  for  an  equal  depth  of  mac- 
adam or  broken  ring-stone: — thus  endeavouring  to  com- 
bine the  elasticity,  so-called,  of  a  macadam  road,  with  the 
durability  of  a  paved  road.  As  laid  at  Euston,  the  ground 
was  first  removed  to  the  depth  of  16  indies  below  the  in- 
tended level  of  the  pavement,  the  bottom  being  formed  to 
the  convexity  of  the  intended  surface  of  the  street.  A 
layer  of  coarse  gravel,  4  inches  thick,  was  spread  upon  the 
bottom ;  and  compressed  by  being  rammed  equally  through- 
out. Upon  this  layer  was  placed  another  hiyer,  4  inches 
tliick,  of  gi  avel  mixed  with  a  small  proportion  of  chalk,  or 
of  hoggin,  and  rammed  likewise.  A  third  layer  of  the 
same  materials  as  the  second,  but  of  a  finer  quality,  was 
distributed,  and  the  whole  was  well  rammed  together,  to 
form  a  solid  and  level  surface  ready  to  receive  the  pave- 
ment, ^pon  a  1-inch  bed  of  sand,  stones  of  Mount  Sorrel 
granite  were  laid,  measuring  3  inches  wide,  averaging 

•  Frocccdingt   of  the  Jmtiiuiion  of    Civil  Engincert^  lS40-dO; 
vol.  Is.,  p.  214 :— ♦*  Observatioius  on  the  Street  Paving  of  the  Metro- 
polis ;  with  an  Account  of  a  peculiar  system  adopted  at  the  London, 
and  North- Western  Bailway  Station.  Eiutou  Square/*  hy  WiUiam 
Taylor. 
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4  inches  in  length,  and  from  8  to  4  inches  deep,  neatly 
dressed  and  sq^uared;  mid  carefully  and  closely  jointed,  iu 
order  to  prevent  any  single  stone  from  rocking  in  its  bed. 
A  rammer  of  55  pounds  weight  was  then  applied  over 
the  whole  surface,  after  which  the  pavement  was  covered 
with  a  sprinkling  of  screened  gravel.  The  maximum 
cost  of  the  Euston  pavement,  the  foundation  included, 
was  said  to  amount  to  12«.  per  square  yard.  Mr.  Dock- 
ray,  resident  engineer  of  tlio  railway,  in  testifying  to 
the  excellency  of  the  Euston  paving,  stated  that  the  car- 
riage-way had  previously  been  substantially  executed, 
according  to  the  old  system,  with  stones  8  inches  deep, 
laid  upon,  a  substratimi  of  concrete ;  but  that  the  stones 
became  much  rounded  on  the  upper  surface,  and  were 
required  to  be  removed.  In  the  Euston  pavement  he 
stated  that,  by  reason  of  the  smallness  of  tho  stones, 
they  never  became  rounded  on  the  upper  surface  by 
wear,  as  was  the  case  in  ordinary  pavements  of  large 
stones.  The  Euston  pavement  was  subsequently  laid  in 
the  large  esplanade  in  front  of  the  booking  offices  at 
Euston  station.  The  carriage-way  traffic  at  Euston  sta< 
kion  has  of  course  been  of  a  light  order, — ^limited  to 
carriages,  cabs,  and  omnibuses. 

Eeverting  to  Colonel  Haywood's  piece  of  Euston  pave- 
ment, in  Wailing  Street,  he  had  experienced  a  difficulty  in 
obtaining  a  satisfEMstoiy  test  of  the  durabilities  and  cost  of 
various  pavings ;  and,  with  a  view  towards  the  settling  of  the 
question  of  the  most  useful  dimensions  of  granite  sets,  for 
the  carriage-ways  of  the  City,  he  recommended  that  different 
sorts  of  stone-paving  should  be  laid  in  Moorgato  Street. 
The  experimental  pieces  were  laid,  all  at  the  same  time,  in 
October,  1848.  The  situation  was  well  chosen,  for  the 
different  pieces  of  paving  were  as  nearly  as  possible  sub- 
jected to  the  same  amount  and  kind  of  traffic,  with  the 
usual  disturbing  and  destructive  influences.    The  dimep 
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sioiis  and  the  first  costs  of  the  experimentul  paving  are 
e^bited  in  Table  No.  19* 


TAiiLB  No.  13.— City  09  London     Experimental  Patoo  i2I 

JiooROATE  Stkeet,  1848 — 5G. 
Dimensions  and  Fir^it  Cost. 


Dimensions  of  Set?. 

First  cost 

NttflMolGniiite. 

Depth. 

Width  or 

thickness 
at  the  sur- 

l  ength  at 
the  surface. 

per  square 
yard  com- 
plete. 

1.  Blue  Aberdeen  • 

2.  Mount  Sorrel  • 
8*  filiio  AbordiBsii  • 
4.  Mount  Sorrel  . 
6.  Blue  Aberdeen  . 
6.  Mount  Sonel  • 

laches. 
9 
9 
9 
9 
6 
6 

inchea. 
4 
4 
8 
3 
3 
3 

inches. 
8  to  12 
8  to  12 
8  to  12 
8  to  12 

6 

6 

B.  d. 

13  8 

14  9 

16  8 

17  0 
10  9 
12  0 

Note  to  Table. — The  cost  of  the  substratum  is  not  included  in 
the  above  prices,  but  the  vrholo  of  the  specimens  were  laid  upon  a 
substratum  of  equal  depth  and  compactness,  and  the  cost  for  a  founda- 
tion may  be  taken  for  all  practical  considerations,  as  being*  the  same 
for  the  whole.  Thn  prices  given,  therefore,  are  for  the  new  granite 
•uxlace  only,  laid  and  grouted  with  limo  and  sand,  and  loft  complete 

The  pavings  were  duly  and  caxef  ally  maintained  during 
the  eight  years  from  October,  1848,  to  October,  1856,  under 

Colonel  Haywood's  personal  superintendence.  The  accoiiuts 
of  charges  for  maintenance  were  accurately  kept,  and  tho 
refinlts,  with  additional  particulorSi  are  giyen  in  Tables 
No8.  20  and  21. 
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Table  Ku.  20. — Ciii- ui-  London  :—Exi'eiiimental  Paving  m  MoobqatS 

Street,  1848 — 66. 
Cost  for  Reparationfl. 


Kaneof  Gtmiite. 

Cost  for 
repara- 
tion in 

;S  years, 
per  sq. 
yrd.  per 
'  ynr. 

Annual 
interest 
at  5  per 
cent,  on 

first 
006t,per 
■q.  yrd 

Cost  for 
repara- 
tion and 
interest 

to- 
gether, 
persqr. 
yrrdper 
year. 

* 

Date  of  first  reparation  after  laying 
dofim  the  severid  i>ayemcn.t%  la 
Ootober, 

1.  Blue  Ancrdeen  . 

2.  Mount  Sorrel  . 

3.  Blue  Aberdeen  . 

4.  Mount  Sonel  . 

5.  Blue  Aberdeen  . 

6.  Mount  Soifel  . 

d. 
2  076 

•96 
4-62 
1  872 
G-684 
6-844 

d. 

8*20 

8-  70 

9-  74 
10.20 

6-  46 

7-  20 

d. 
10-27 
9-66 
14-36 
1207 
1314 
1304 

1 

In  quarter  ending  Mmas,  lBo2 
In  half  year    „        „  1852 
In     „         „       „  1861 
In     „         „       „  1866 
In  quarter  ending  Mar.  26, 1 861 
Inhalf  yearendingM'mas,  1852 

Averages  .   ,  . 

3-672 

8-41 

12*08 

Talle  No.  2I.--C1TT  OF  London  :—ExrEmjdENTAL   Pavino  nr 

MooROATK  Street,  1818—66. 
Data  showing  Comparative  Values. 


Name  of  Gcanite. 

1 

Number 
of  stones 
In  a  square 
yaxd. 

Area  of 
8tu*face  of 
one  stone. 

Cubic 
conteuts 
of  one 
atone. 

Area 

rclaid  in 
8  yeare. 

Area  of 
new  stone!- 
laid  in  ' 
Syears.  , 

square 

cubic 

percent. 

stones. 

inches. 

inches. 

percent. 

1.  Blue  Alicrdeen  . 

29 

44.7 

402-2 

1198 

1-63 

2.  Mount  Sorrel  . 

25 

61-8 

466-6 

41-8 

-75 

3.  Blue  Aberdeen  . 

36 

370 

333-3 

243-6 

3-*J3 

4.  Mount  Sorrel  . 

34 

381 

343-1 

108-7 

*82 

6,  Blue  Aberdeen  . 

61 

26*4 

127*0 

263-2 

20*17  ' 

6.  MonntSonrel  • 

67 

22-7 

113*7 

808*1 

7*07 

From  the  foregoing  data»  it  appears  that  ALordeen  stone 
required  earlier  and  more  eztensiye  repair  and  renewal 

fEan  Mouiit^Sorrel..8ton§  j  and  that  thejmvings  composed 
of  the  smallest  stones  needed  more  reparationt^aad  ISk 
insertion  of  a  greater  quantity  of  new  stonej^  and  cost 
more  for  repair,  than  those  composed  of  the  larger  stones. 
Colonel  Haywood  states  that  the^e  conclusionfi  accord  with 
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the  results  of  Ms  general  experience ;  but  that  the  single 
condufiion  wliich  coidd  safely  bo  deduced  was  that,  within 
the  limits  of  the  sizes  of  stones  laid  in  the  experimental 
paying,  the  cost  for  repair  upon  similar  paving  was  in* 
Tersely  as  the  size  of  the  stones. 

In  1855,  the  experimental  paving  was  to  a  groat  extent 
relaid;  and  in  1858  it  was  wholly  relaid.  In  1864,  when 
it  had  been  down  altogether  16  years,  it  was  removed. 
Tho  first  cost  averaged  14s.  'dd,  per  square  yard,  and  the 
total  cost  lor  laying  and  repair  during  the  16  years  it  was 
down,  not  including  any  charge  for  interest  on  first 
outlay,  was — 

FintCkMst         •        •      10]d.  per  aquare  yard  per  yoar. 
Cost  for  Repair   •        •  „  „ 

Total  Coflt    •        •      16id.  „  ,» 

Befen-ing  to  Table  No.  20,  it  is  seen  that  the  average 
annual  cost  for  repair,  during  the  first  8  years,  was  only 
3*67  pence  per  square  yard.   The  greater  cost  during  the 

last  period  of  8  years,  arose  no  doubt  from  tlie  inferior 
condition  of  the  pavement,  due  to  the  loss  of  depth  of  tlio 
sets  by  wear;  and  to  some  extent,  also,  ivom  the  augmented 
traffic. 

Granites  of  various  tjuaUties  have  been  tried  for  carriag  e- 
way  pavements  in  tlie  City: — Aberdeen,, Guernsey,  Ilorm, 
Devonshire,  Corniahj  Mount  Sorrel.  The  harder  and  moro  _ 
durable  granites,  like  tho  Guernsey  and  the  y onnt  Sorrel 

granites,  though  the  more_economical,  possess  the  fault  of  

slipperiness  when  set  inpavement ;  the  less  durable  granites 
wear  roughly,  andtlierefore  afford  a  better  foothold  for 
horses.^  Hence  it  is  that,  for  the  s^ke  of  public  conYenience, 
the  hardest  ^nd  most  durable  granites  are  not.  employed^ 
The  hardest  granites  have  invariably  caused  so  much  dis^ 
satisfaction  that  they  have  had  to  be  removed  ^flfore  they 
tani  been^down  many  years.  For  instance}  Penniaeninaur 
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greywacke  paving  was  laid  in  Nr  ^^ate  Street  in  1851,  and 
ifwas  removed  after  a  trial  of  21  yiars,  as  it  was  the  cause 
of  repeated  complaints  of  slipperiness  and  noisiness.  The 
Aberdeen  blue  ^anite  sets  have  for  the  most  part  been 
cmploj-ed  in  the  constnxction  of  City  pavements ;  they  are 
considered  to  be_^  best,  taking  together  the  first  cost^ 
tho  (lur;il)ility^  and  the  absence  of  slipperiness. 

Since  the  cost  of  a  pavement  depends  upon  the  material 
of  which  it  is  formed—^the  width  of  the  street,  the  extent 
and  nature  of  the  traffic,  Imd  other  conditions — it  fol- 
lows that,  in  no  two  streets  is  the  endurance  or  the  cost 
the  same,  and  the  dlEerence  between  the  highest  and  the 
lowest  periods  of  endurance,  and  amount  of  cost,  is  veiy 
considerable.  The  practice  pursued,  almost  nniformly, 
with  respect  to  the  rotation  of  granite  paving,  is  to  lay 
the  new  granite  in  the  main  thoroughfares ;  when  th^ 
pavements  aTe_considerably  worn,  and  the  stones  require 
to  be  reworked  before  they  can  be  advantageously  relaid, 
or  when  an  entire  relay  of  the  surface  is  needful,  the  worn^- 

.[^camte  ift  rf^pinvAd^  q.nd  new  granite  laid  in  its  place.  In 
this  way,  it  most  commonly  occurs  that  the  pavements  in 
main  thoroughfares  are  removed  before  they  are  worn  out. 
The  old  material  is  taken  to  the  stone-yard,  where  it  is 
mixed  with  the  general  stock,  reworked,  sorted  into  sizes, 
and  laid  in  other,  and  secondary,  thoroughfiBreB  when 
needed.  Thus  the  duration  or  life  of  the  stones  may  be 
doubled,  or  more  than  doubled.  Indeed,  with  the  excep- 
tion of  the  portion  worn  off  by  the  friction  of  the  traffic, 
not  a  fragment  of  granite  paving  may  be  said  to  be  lost. 
After  passing  its  first  years  in  a  leading  thoroughfare,  it 
goes  into  a  secondary  thoroughfare  until  completely  worn 
down  and  rounded,  and  will  even  then  command  a  price  of 

I  from  1«.  6d,  to  2s,  6d,  per  square  yard.  Not  even  a  frag- 
ment tliut  is  knocked  off  the  component  stones,  when 

]  undergoing  the  ox>eration  of  being  dressed  into  shape,  is 
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lost ;  as  it  is  made  available  either  directly  for  macadam- 
ising, or  for  forming  substrata  to  other  pavements ;  or,  if 

such  employment  cannot  be  found  for  it,  it  will  always  com- 
mand a  good  price  by  its  sale.  In  truth,  granite  can  only 
be  said  to  be  worn  out  when  it  has  been  broken  up  for 
macadamisation,  and  tlien  crushed  into  powder  by  the 

vehicles." 

It  is  due  to  the  system  of  rotation,  above  described, 
which  largely  conduces  to  the  general  convenience,  that 
although  the  general  cost  for  repairs  is  accurately  known, 

the  cost  of  most  of  the  pavements  individually,  durinp^  a 
torin  of  years,  cannot  be  arrived  at,  excepting  by  estimation. 

Moreover,  it  is  to  be  borne  in  mind,  on  the  question  of 
the  durability  and  cost  of  stone  pavements,  that  the  traffic 
of  the  City  has  not  been  stationary,  but  that  it  has  gradu- 
ally increased  in  the  course  of  years,  and  that,  to  arrive  at 
a  just  conclusion,  the  traffics  of  the  periods  brought  into 
the  comparison  are  to  be  duly  considered.  The  following 
is  a  selection  of  a  few  principal  streets  in  the  City,  ^\  ith 
avernge  nimibers  of  vehicles  by  which  they  were  traversed 
in  12  hours  during  one  week-day,  between  8  a.m.  and 
8  p.m.,  in  July  1850,  and  in  Jime,  July,  1857.  These 
data  are  abstracted  from  reports  made  by  Colonel  Hay- 
wood ; — 


Tabim  Ko«  22.— Citt  ov  Loxoov:— Kiwbbb  of  Tbhiclbs  which 

TBAVIBSBD  FlPTBEN  PbIXCIPATi  ThoBOUOHVABSB  IN  12  HOVBS, 

IX  1850  AND  1857 ;  WITH  A  mr  data  fob  1865  and  1871. 


Kame  of  Tbononghibre* 

Number  of  Vehicles 
which  traversed  the 
street  in  IS  hours. 

Ia24hoiim. 

Templo  Bar  .      •      •  • 
Ludgate  Hill       •  • 
Cheapside     •      •      •  • 
Poultry       •      •       •  . 
Cornhill       .       .       •  . 
Old  Broad  Street  . 

Carried  forward  . 

year  1850. 
7,741 
6,829 
ll,0'j3 
10,'274 
4,916 

• 

1 

year  1857. 
9,883 
10,626 
13,512 

11,667 

5,256 

year  1865. 
11,972 

year  1871, 

11,900 
9,600 

2,600 

Digitized  by  Google 


183  STONE  PAVEMENTS  CITY  OF  JU)NDON. 


Name  of  Thorougliiare. 

Nnmhrr  nl'  \'filiif'le8 
whicii  traversed  the 
Street  in  IS  boon. 

In  24  hours. 

year  1850. 

year  1857. 

Tear  1865. 

VAar  1871 

5,930 

4,325 



A  AAA 

2,000 

w4          /^     n              Nik  t      \  /^t 

r  tJIlLIlUTCn  Oirf^GT;  >            •  • 

3,642 

5,273 

4,842 

r>,283 

Bishopsgate  St.  Without 

4,110 

5,804: 

7,366 

Graoeeihtttt)li  Street 

4,887 

5,267 

London  Bridge    •  • 

13,099 

18,179 

19,405 

Newgate  Street    .  , 

6,375 

8,341 

7,400 

Aldors(>ate  Street  ,  • 

2,590 

2,719 

3,936 

Blacktriars  Bridge  • 

5,262 

6,723 

9,660 

Soutliwark  Bridge 

4,700 

Totals    •     .     •  . 

93,778 

115,402 

Note  to  Table.— Equostrinns  were  included  and  numbered  as 
vehicles.  These  numbers  were  so  small  as  not  materially  to  affect  the 
quantities. 


Tlio  gross  increase  of  traffic,  from  98,778  vehicles  in 
oue  day  in  1850,  to  115,402  vehicles  in  one  day  in  1857, 
amounted  to  22^  per  cent,  in  seyen  years,  or  at  the  rate  of 
about  3  per  cent,  per  year,  on  the  traffic  observed  in 
1850.  But,  it  must  be  remarked  that  the  traiilc  may  not 
be  similarly  augmented  iu  every  street  individually,  since 
the  Btreams  of  traffic  are  modified  by  the  opening  of 
new  streets  and  new  railway  stations.  Instances  of  such 
fluctuations  are  observable  in  the  numbers  of  vehicles 
given  in  the  last  column  of  the  tabla. 

The  following  data  for  the  duration  of  d-inch  granite 
pavements  in  the  streets  of  the  City,  have  been  gleaned 
from  Colonel  Haywood's  reports.  It  is  shown  that  the 
leaving  only  lasted  6  years  iu  the  Poultry;  and  it  may  here 
be  noted  that  the  granite  pavements  of  the  Poultry,  next 
to  the  kerbs,  or  next  to  the  tramways,  needed  repair  at 
about  the  end  of  the  first  year.    Omitting  the  veiy  short 
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and  very  exceptionally  tried  pavement  of  the  Poultry,  aa 
vail  as  the  second  pavement  in  Oheapside,  whick  was 
prematurely  removed,  tJxe  average  of  the  observed  dvft* 

tions  was  151  years ► 


Tabw  3S»^DiTaAnoir  of  Gkaxos  Fivsinmi  »  bomb  Pbincipax>  Smm 

IN  THB  Omr  OP  LoMDOir.  1845 — 1863. 


Aberdeen  Granite  Sets,  3  inches  wide  and  9  inches  deep. 


XtAmHA. 

Taken 
lip. 

Dura- 
tlon. 

Tear. 

Tear, 

Taars. 

Ponltrv'     ~  -  - 

1846 

1852 

6 

♦ 

1846 

1853 

1861 

15 

Gheapaide  portion)  \ 

1861 

1870 

9 

Cheapsido  (oast  end) 

1  O'JO 

StTaursChurchyard 

1847 

18r,3&'58 

1863 

16 

LudgHte  Hill  .  • 

18o3 

1863 

19 

Ludgate  Street  , 

1847 

1803 

ELoet  Straet  • 

184G 

1853 

1860 

14 

Newgate  Street 

1846 

1854 

Skinner  Street 

1845 

1848&'56 

Threadneedle  ) 

Street  (West)    .  } 

1848 

1857 

1862 

14 

Fcnchurch  Stroet 

(East) 

1846 

1852 

Fenchurch  Street 
(West) 

1845 

1852 

1861 

16 

1845 

1852 

1857 

12 

Leadenhall  Street 

1857 

1863 

Flinces  Street 

► 

1850 

1857 

ObMrrotiaBi. 


Cost  for  repair, 
2  GGd.  per  square 
yard  per  year. 

f  Talcen  up  fbr  as- 
\  phalte. 


iCoflt  for  repair, 
3d.  per  square 
yard  per  year. 

Widened  in  1S48. 


r  Belaid  ipiih  one* 
[  third  new  fltone. 
Sets  4  in.  X  9  K 


Average  duration,  omitting  the  Poultry  and  the  second  lavement  in 
Cheapside  as  exceptional  instances,  15}  years. 


To  the  above  data  for  streets,  may  be  added  tke  ioHow- 
ing  data  for  bridges:— 
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COKTIMTfATIOir  OV  TjLBSM  Ko.  2S* 


ffiiiiat!oiif 

Ud. ! 

Bdald. 

Taken 
op. 

tiuu. 

London  Brid^  ^ 
Blackfriars  Bridge  • 

Tear. 

1830 
18-i2 
1840 

Year. 

1842 
1851 
1853 

12 
9 
Id 

1  G-inch  seta. 

In  1851,  Colonel  Haywood  had  estimated  the  total  dura-  • 
tion  of  the  grauite  pavement  of  Fleet  Street  at  12  years. 
It  maybe  seen  icom  the  table,  that  it  lay  actually  14  years 
till  it  was  removed.  He  added  that,  after  having  been 
rc-dressed,  it  would  last  15  years  more  in  secondary  streets. 
The  total  life  of  such  payement  amounted  thus,  by  estima- 
tion, to  29  years. 

The  cost  for  repairs  of  Heet  Street  was  stated,  in  1854, 
to  be  Zd,  per  square  yard  per  year.  The  average  cost  of 
repairing  the  granite  pavements  of  the  streets  of  the  City, 
in  1854,  was  also  3^.  per  square  yard  per  year.* 

Colonel  Ha3rwood,  in  1858,  made  a  careful  estimate, 
based  on  the  experience  of  City  pavements,  of  the  cost 
and  the  duration,  or  life,  of  a  pavement  of  3 -inch  Aberdeen 
granite  sets,  9  inches  deep,  laid  in  such  a  thoroughfare  as 
Gbacechurch  Street,  in  which  the  traffic  as  indicated  in  the 
table,  No.  22,  was  rather  below  the  average  of  the  prin- 
cipal streets.    This  estimate  was  based  on  the  prices  of 
t     1 842,  in  which  year  he  assumes  the  laying  of  the  paTement 
i     for  the  piurpose  of  a  direct  comparison  with  the  cost  of 
i     Carey's  wood  pavement  in  Graceclmrcli  Street.    The  cost 
'      of  the  £rst  3-inch  Aberdeen  granite  sets  laid  in  the  City 
was  14«.  6<^.  per  square  yard,  laid  and  grouted  complete^ 
exclusive  of  foundation.   The  duration  was  taken  at  25 
yeai's,  as  from  1812, — assuming  that  the  granite  was  not 

*  Stated  by  Colonel  Haywood.~Seo  Proe^ingt  of  th$  JtutHutum 
9/  CivU  £njfin€§r9,  vol*       (Migo  231. 
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removed  until  it  was  quite  worn  out*  During  this  time,  it 

would  have  required  three  general  relays,  at  a  cost  of 
Is.  per  aquare  jard«  in  addition  to  ordinary  repairs,  costing 
id.  per  square  yard  per  year,  for  20  out  of  the  26  years 
of  life,  allowing  flie  first  five  years  free  of  cost  for  re* 

pairs 

Ber  sq.  yd.    Per  sq.  yd, 
ftvSSyeut.  per^ear. 


a.  d* 

Firat  cost,  excludiDfi:  foundation     ,      «     14   6         6  96 
Kepaira;  three  relays  at  Is.     .       ,       .  3 
Ditto,  20  years  at  Jd.  per  year 


3  01 
1  3J 


201 


Total  Expenditure  .       .      •      «       ,     18    9  0 
Peduct  value  as  old  xoateiial  •      •      •      2   3  1*08 

Kettotalcort        .  ■  .      .      •      .    16  •  7-92* 

This  estimate  was  formed  on  the  assumption  that  the 
stone  would  have  been  worn  out  where  it  was  first  laid. 
In  actual  praotiQe,  it  would  have  lain  there  from  14  to  18 

years,  and  would  have  been  removud  to  streets  of  inferior 
trafi^c,  where  it  would  have  lasted  at  least  as  long  again. 
The  total  life  would  thus  have  reached  to  from  30  to  40 
years ;  and  this  may  be  taken  as  the  actual  life  of  3-inch 
granite  sets  under  the  given  conditions,  with  a  value  as  old 
material  of  from  Is.  6d,  to  28.  6d.  per  square  yard.  If  the 
whole  life,  as  for  Gracechurch  Street,  be  taken  as  35  years, 
it  will  appear,  from  a  calculation  similar  to  the  above,  that 
the  net  total  cost  is  7d,  per  square  yard  per  year. 

London  Bridge  was  considered  by  Colonel  Haywood  to 
be  the  busiest  thoroughfare  in  the  world.  In  the  course 
of  12  hours,  in  one  day  in  1850,  it  was  traversed  by  13,099 
vehicles.  The  wLolo  surface  of  the  bridge  was  covered 
with  a  bed  of  clay,  15  inches  thick,  thoroughly  puddled 
and  well  beaten  together.   Upon  this  a  3*inoh  layer  of 

*  Colonel  Haywood  makes  out  the  cost  per  square  yard  per  year  at 
about  7id. 
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fine  sand  waa  laid;  next,  a  bed,  12  inchea  deep,  of  fine 

flint  stones  broken  into  small  pieces,  not  larger  than 
2  inches  in  diameter,  well  dressed  and  rolled.  Finally,  it 
was  payed  with  granite  aets  6  inches  by  9  inches  deep^ 
and  was  opened  in  1830.  After  a  period  of  12  years,  it 
was,  in  1842,  replaced  by  new  paving,  when  the  old  stone 
was  sold  for  3«.  per  sq^uare  yard.  The  second  paying,  laid 
in  1S42|  was  formed  of  d-inch  Aberdeen  granite  setSy 
9  inches  deep ;  it  was  down  9  years,  and  was  taken  up 
and  replaced  with  new  granite  in  1851.  The  second 
paving,  though  lifted,  was  not  worn  out;  the  average 
wear  of  the  stones  was  estimated,  ^rom  the  result  of  careM 
observation,  at  first  ^  inches  of  depth, — ^being,  at  the  rate 
of  '222  inch  per  year ;  and,  had  they  been  dressed,  sorted, 
and  relaid,  with  a  small  quantity  oi  new  stones  to  supply 
the  deficiency  of  those  which  were  very  much  worn,  or 
badly  cut,  they  would  have  lasted  7  or  8  years  more  upon 
the  bridge,  and  would  then  have  been  fit  to  lay  in  a 
secondary  thoroughfare.  They  would  have  been  relaid 
on  the  bridge,  but  for  the  fact  that  more  time  would  have 
been  consumed  by  this  process,  than  by  repaving  with 
now  material. 

The  total  area  of  the  carriage-way  of  London  Bridge  is 
8,950  square  yards.   The  following  were  the  expenses 

actually  incurred  on  the  pavement,  irom  1842  to  1851 


for  9  yean. 

Per  Bq.  yd. 

Per  sq.  yd. 

£or  dyears. 

per  year. 

■•  d. 

Ifint  ooflt     «     «     «  * 

£3,850  IS  0 

19  a 

2  2 

Bepahs  for  9  years       •  • 

277  11  0 

1  4-86 

1-87 

Total  expenditure  . 

4,128   7  0 

20  10-8G 

2  3-87 

Deduct  allowanco  for  old  stones 

757   0  0 

3  10 

5-11 

Net  total  cost  for  9  years  « 

3,371    7  0 

17  0-86 

1  10| 

The  cost  of  the  substratum  is  not  included  in  this  state- 
ment of  expenditure.   The  high  £rst  cost  was  occasioned 
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hy  the  great  difficulty  experlencGd  in  oT)taiiiing  3-lnch 
Btones^  which  had  but  receatly  been  introduced,  unless  a 
high  price  was  paid  for  them ;  together  with  the  £6ioiag 
of  the  labour,  and  the  peifomance  of  the  work  by  a 
half-width  at  a  time. 

The  paving  of  Blackfriors  Bridge,  in  1840,  with  3-izich 
sets  has  already  been  noticed,  page  173.  The  paving  con* 
eisted  of  Aberdeen  stonee  and  Ghiemeey  stones,  and  was 
done  at  a  cost  of  205.  per  square  yard,  including  a  foun- 
dation of  concrete  12  inches  deep.  The  average  amount 
of  wear,  after  13  years*  work,  were  1^  inches  of  the  Aber« 
deen  granite,  and  i  inch  of  the  Guernsey  granite.^ 

In  1871,  Colonel  Haywood  made  estimates,  based  upon 
past  experience,  of  the  durability  and  cost,  under  not  un« 
favourable  drouinstances,  of  Aberdeen  granite  pavement, 
3  inches  wide  and  9  inches  deep,  in  Oheapside,  Poultry, 
Old  Broad  Street,  Moorgate  Street,  and  Lombard  Street, 
which,  varying  in  width  as  well  as  in  the  nature  of  the 
traffic,  might  be  taken  as  types  of  the  leading  thorough* 
fares  of  the  City.  The  cost  of  pavements  generally  had 
augmented  gradually  during  the  previous  30  years.  In 
1854,  tho  cost  was  ii'om  15«.  to  17 s.  per  square  yard. 
In  1871,  the  price  of  paviors'  work,  above  described, 
complete,  except  the  foundation,  was  15«.  4id.  per  square 
yard ;  but  lie  adojjtud,  in  his  estimates,  a  cost  of  16«.  per 
square  yard. 

The  estimated  duration  of  a  granite  pavement  in  Cheap* 
side  was  15  years;  and  assuming  one  entire  relay,  and 

allowing  for  the  value  of  the  old  stone  wlien  removed  at 
tlie  end  of  the  time,  the  total  cost  during  the  period  of 
15  years  would  be  £1  4«.  4^4.^  or  U.  lid.  per  square  yard, 
piT  year. 

Similarly,  for  the  Poultry,  Old  Broad  Street,  Moorgate 

*  PneteHnfft  of  ih$  ImtituHm  of  Civil  Mttfiimert,  vol.  xiii, 
page  237. 


Digitized  by  Google 


188  ITONS  PATXMEKTS  CITY  OF  LONDON. 

Street,  and  Lombard  Street,  suitable  periods  of  duration 
were  assigned,  and  ono  general  relay  during  the  time,  with 
allowance  for  the  value  of  the  old  atones.  The  following 
table  comprises  particulars  of  Colonel  Haywood's  esti* 

mates  for  tLu  sevural  streets 


Table  No.  24. —Estimated  Dubatk/X  and  Cost  of  GnANrrE  Pave- 
ments IS  PlUXCIPAL  CaUUIAOE-WAYS  IN  THE  ClTt  OF  LONDON,  1871. 

Aberdeen  Granite  Set8y  3  inches  wide  by  9  inches  deep. 


Bitnatioa. 

Widlh 

of 
Street 

Daily 

traffic  in 

Dura- 
tion of 
the 
Pave- 
ment* 

Fii-st 
cost  per 

yard. 

Total  coat, 
including: 
main- 

and  de- 
ducting 
for  old 
•tones. 

Averagre 
total  cost 
1 er  wjuaro 
yard  per 
year. 

Cheapside 
Poultiy  . 
OldBroadStieet 
Moorgate  Street 
Lomliard  Street 

Feet. 
30 
22 
24 
32 

17 

Vehicles. 

11,900 
9,600 
2,600 
7,400 
2,600 

Years. 
15 
8 
20 
15 
20 

s  d. 

16  0 
16  0 
16  0 
16  0 
16  0 

s.  d. 

24  4^ 
22  4" 
20  Hi 

20  7 

21  4| 

■.  d> 

1  7^ 

2  di 

1  o.| 

1  4 

Averages  . 

16-6 

IC  0 

21  11 

1  7 

The  average  estimated  duration  indicated  by  this  table 
is  nearly  identical  with  that  which  is  deduced  from  actual 
observation  in  the  previous  table,  No.  23. 

Typical  sections  and  plans  of  a  50-J  t  street  for  the  City  of 
I  London^  Figs.  46,  47,  and  48. — For  these  illustrations  the 
I  Author  is  indebted  to  Colonel  Haywood.    The  extreme 
\  width  of  the  street  is  50  feet,  between  the  houses:^ 
'  divided  into  30  feet  for  the  width  of  the  carriage-way, 
•  and  10  feet  for  each  footway.    The  bed  of  the  road  is 
» excavated  to  a  depth  of  21  inches  below  the  finished  level 
of  the  street,  following  the  contour  of  the  surface.  A 
layer  of  broken  stones,  9  inches  ttick,  is  distributed  over 
the  ground,  and  is  covered  by  a  layer  of  lioggiu  or  small 
gravel  and  sand^  3  inches  tliick,  as  a  bed  for  the  paving* 
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191 


.Tke  paving  consists  of  granite  sets  or    cubes/'  3  inches 

wide  and  9  inches  deep,  and 

of  lengths  varying  from  10  to 
1.5  iiiclios,  grouted  at  the  joiuts. 
Tlie  rise  of  the  pavement  is 
6  inches  for  the  width  of  80 
feet,  OP  1  in  30  for  the  average 
iuclinatioii,  the  contour  Leiiig 
a  segment  of  a  circle.  The 
footpaths  are  laid  with  d-inch 
•J  York  pavement,  hounded  by  a 

o  C 

gi'iluito  kerb  12  inches  -wide, 
lo^ud  9  inches  deep,,  showing 
I  6  inches  above  the  roadway 
1 1  pavement. 

ISouthwark  Street,  Southwark, 
I  Figs.  49  and  50.— This  is  a 
f  good  example  of  a  first-class 
Metropolitan  street,  arranged 
with  a  subway  and  a  sewer  at 
the  middle^  and  cellarage  at 
I  each  side.    The  street  is  70 
>o-|"5  feet  \\ide  between  the  houses, 
^  comprising  two  12-feet  foot- 
ways,  and  a  carriage-way  46 
^feet  wide.    For  the  construc- 
tion of  this  street,  the  gi-ound 
was    levelled,    and  the  soft 
places  cleared  out.    It  was 
covered  with  a  bottoming  of 
brick  rubbish,  varying  from 
6  to  10  inches   deep,  which 
was  rolled  and  bound  with 
sand.    Upon  this  bottoming 
was  laid  a  stratum  of  concrete 
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12  incli^S  tliick,  consisting  of  blue  lias  lime  And  de&ll 
Thames  ballaati  in  the  ratio  of  1  to  6  by  measure.  A 


Fig.  0O.~SoathivBrk  Street  Sootinrork.— Loogitiidiiial  Metton  unAer 

ftwtpath. 

layer  of  sand  or  hoggin^  1^  or  2  inches  thick,  was  dis* 
tributed  orer  the  concrete  as  a  bed  for  the  granite  sets, 
which  were  9  inches  deep  and  3  inches  wide.  The  stones 
were  set  close  and  grouted  together. 


Digitized  by 


CHAPTER  Vm. 


STONE  PAVEMENTS  OF  LIYEEFOOL- 

A.CCORDING  to  tlie  report  of  Mr.  Newlaads,  the  borough 
engineer  of  Liverpool,  in  IB51,  there  were  174  miles  of 
earriage  way,  and  69  miles  of  courts  and  passageSi  com- 
prising— 

Sqaare  yorda. 
2,243,660 

231,862 

  2,474,922 

1,048,264 

3,623,186  squaze  yardi. 

From  this  it  appears  that  the  average  width  of  the  car- 
riage-ways and  channels  together  was  8*1  yards,  or  24*3 

feet.  The  covering  of  tlio  cariiago-^^  ays  consisi.ed  foi 
the  most  part, — to  the  extent  of  neaily  two-thirds, — of 
boulder  paving;  one-fifth  consisted  of  macadam,  8  per 
cent,  only  consisted  of  pavement  of  greywack4  sets  from 

Penmaeiimaur,  and  6  per  cent,  consisted  of  sand  and 
ashes. 

The  actual  cost  for  the  eonstruction  of  several  streets 
with  greywacke  pavement,  in  S-inch  sets,  is  given  in  Table 

No.  25.  The  cliannols  were  of  Penmaenmaur  stone,  and 
the  crossings  of  granite.  The  cost  for  the  preparation  of 
the  foundation  is  included.  The  foundation  consisted  of 
a  bottoming  of  ballast  prepared  and  covered  with  gravel 

and  sand,  upon  vviiich  the  sets  were  placed. 
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A  similar  table,  No.  26,  gives  the  cost  for  the  con- 
struction of  seYeral  streets  with  boulder  paving ;  from 
wMoh  it  may  be  seen  that  the  boulders  were  bedded  on 
the  ground,  without  the  interyention  of  a  hard  bottoming. 

Tablb  Ko.  25.— Litbbvool  Sissm Ooit  fob  Ck»if mucixoK  pbr 
Bqvabb  Yabd  op  trb  CABBUoa*VATS  OP  Six  Siacm  nr 

HmSKm  L00A£ETIB8« 


Greywackd  Set  Pavements. — Sets,  3  inches  wide,  7  inches  deep. 


Name  of  Street 

Average 
First 

Costg. 

1 

Temple. 

Crosby- 

Graf- 
tua. 

Eum- 

ford. 

Elliot. 

Matbuials. 

Stone  Sets . 
Gravel,  Sandy  { 
Ballast  ) 

Lime 

Crossiiiga  . 
Channels  . 

Materials 
Cartage  • 

Total  Cost  for ) 
Katerials  j 

peiiQ6> 
37-14 

0  oo 

1-23 
3-14 
1-60 

poius. 
29*47 

2-28 
2-75 
6*69 

jieiios* 
24*72 

O  Zo 

119 
2-28 
2*58 

penos. 
86*26 

Oa 

1-08 
•03 
8'18 

psDce* 
38-72 

2-65 
•67 
4-40 

94000* 

26-92 

z  UO 

1-01 
10-07 

penos. 
32-20 

4-09 

1-57 
3-16 

8*07 

48-49 
13-60 

47-09 
8-26 

39-00 
2-34 

41-44 
4-04 

48-47 
1-42 

40  08 
1-97 

44-09 

5*27 

G2*09 

55*36 

41-34 

45*48 

49-89 

42-05 

4936 

IjABOITR. 

Paviora 
Labonrcn . 

T.a'boijr  . 
I'ttc  of  Tools 

Total  cost  for ) 
Labour  ) 

5*59 
U-43 

6-92 
1223 

4-69 
958 

1-93 
4-84 

3-20 
10-38 

j  7-89 

7-89 
-39 

/4^19 
t8'd3 

1702 
•i)0 

19-15 
1  33 

14-27 
oi 

G-77 
•45 

13-07 
•72 

13-12 
•72 

17-92 

20  48 

14-78 

7-22 

14-39 

828 

13-84 

Total  Cost  for  \ 
Materials  &  | 
Labour  J 
or 

8001 
6s.  84 

75-83 
C8.3|(l 

5fil2 
4s.  8d. 

r '—  - 

52-70 
4aL4id. 

64-28 
56.4ld.| 

o0-»i3 
48.24d 

63.20 
OS.  S^d. 
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Taiile  No.  2G. — Liverpool  Stebsts  : — Con  FOB  ObmfRVCnov  fsa 
Sor A!iH  Yard  of  thb  QabEUOB-WATS  OF  Six  SnUSBTS  IX  PXF« 
r£&SNI  LOCALITISS. 

Boulder  Paveineat* 


Average 
Ijlret 
Costs. 

Spoioer 

Hygeia, 

Sheri- 
dan. 

Jubilee. 

Hope. 

Hope 
Plaoe. 

Matbbiaxj» 

Boulders  • 
Ghannels  . 
Croflsings  . 
QiaTel  and  Sand 

Materials 
Cartago  • 

Total  C^Hor  | 

pence. 
14-61 
4*08 
•27 

penco. 

17-62 
3*96 
1*88 

pence. 
12.28 
9*82 

13-60 

IK>nce. 

13-06 
6-39 
8-51 
01 

pence. 
9-76 

4-51 

•?  "  - 

*4i 

6*80 

1-66 

*0« 

pence. 

1308 
5^93 
4-88 
•32 

18-96 

23-36 

35-92 
o  a€ 

28.67 

0  4V 

18-03 

20-40 
1  zi 

24-21 
411 

21-79 

3712 

44-26 

34-06 

21-09 

21-61 

^  1\  *  mm 

Paviors     ^  • 
Labouieis .  • 

Labour  . 
Use  of  Tools  . 

Total  Ck)8t  for] 
liabouT  I 

3-51 
6-27 

3-  24 

4-  86 

2-83 
11-74 

4-17 
4-98 

2-  88 

3-  ao 

3-  80 

4-  63 

3-40 
6-78 

8*78 
*6l 

8*10 
•48 

14^67 
•98 

> 

9*15 
•37 

6*18 
•62 

8-33 
•40 

9-18 
•57 

9-29 

6-59 

15*55 

9*52 

6-80 

8-79 

9-75 

Total  Gort  for  ^ 
Hat6ria]8&  V 
LftbooTy  J 
or 

31-08 

36*70 
2/11* 

69^81 

4/ll| 

43-68 
3c7id. 

27-87 
28. 4d. 

30-40 
2s.6id. 

3807 
3s.  2d. 

These  tables  afford  good  selections  of  instances  to  sliow 

how  much  the  cost  is  influenced  Ly  the  circunistancos 
uudor  which  the  work  is  done.  The  cost  of  the  materials 
used  in  set-paving  does  not  yary  so  mueli  as  the  cost  of 
cartage  and  of  labour,  which  depend  upon  the  distance  of 
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a  street  from  tiio  docks  whence  the  material  is  conveyed » 
and  upon  the  length  of  the  day  and  the  Btate  of  the^ 
weather,  and  other  oireuinBtanceB  affecting  the  conve* 
nience  for  operations. 

From  these  tables  it  appears  that  the  average  costs  for 
the  construction  of  the  carriage-ways  of  Penmaenmaur 
sets  and  of  boulders^  were  composed  as  follows : — 


lavBBrooii* 

Materials 
Labour  • 


Pemnaaimunir  aefti. 

i  1^  or  78  per  cent. 
12     or  22  „ 


BouUton. 

s.  d. 

2  4^  or  74  per  oooi 
0  ^  or26  „ 


Total  cost.      6  8i     100  8  2  100 

In  introducing  a  comparative  statement  of  tho  annual 
cost  for  maintenance  of  set-paving,  boulder-paving,  and 

macadam,  Mr.  Newlands  £xed  the  first  cost — 

LtrnPooK.  First  cost 

For  sqnaxe-aet  paving,  at  48.  6d.  per  aqnare  yard. 

„  boulder  paving    „  la.  8d.  „ 

macadain  ff  la.  8d.  ^ 

These  amounts  were  probably  based  on  wider  averages 
than  those  which  have  been  deduced  from  the  foregoing 
tables.  However  that  may  have  been,  Mr.  Newlands,  in 
1854,  stated  that,  at  Liverpool,  the  £rst  co&t  for  a  set-paved 
road  was  6«.  per  square  yard>  and  that  of  a  macadam 
road  was  2s.  per  square  yard.* 

Tho  average  cost  for  maintenance  fur  tho  three  years 
1848 — 50,  is  given  for  27  streets,  of  which  nine  were  paved 
with  squared  sets,  nine  with  boulderSi  and  nine  were  laid 
with  macadam.  Summaries  of  the  costs  are  given  in 
tho  table,  No.  27. 

Mr.  Newlands  explained  that  the  averages  here  derived 
were  not  to  be  taken  as  for  long  periodsi — especially  for  the 
boulder  paving,  much  of  which  was  required  shortly  to  bo 

*  FroceedingM  of  thf  JtifU(9Ui0»  of  Civil  ^gitmro^  to).  ^9^3-^ 
ago  240. 
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Table  No.  27.— Livebfool  Stbbbts    Annual  Cost  for  ICuir* 

TSNANCB  OF  27  StBSSTB,  SBDUCBB  FBOX  TKB  ATIBAOBD  GbAROBS 
FOK  TBBBB  TBAB8,  1848-60. 


Pfninaenwaiir  set  p«viDg.| 

Booldwpafiii^ 

Annual 
cost  per 
square 
ytto.  1 

Anntial 
cost  per 
squaxe 

Strcet 

Anntml 

cost  per 
square 

Park  Lane  . 
Whitechapel. 
Dale  , 
Cafitle  . 
North  Jolm  . 
Maiybone  • 
Water  • 
Leeds  . 

pence. 
■08 

•29 

•11 

•38  : 
•17 

•26 
•09 

•19 

•06 

'Blniuifill 
Mersey . 
Flint  . 
Simpson 
8;parling 
LunekimLane 
BorliDgtoiL  . 
Soho    •  • 
Fox 

pence. 
55 
•79 
•73 

1-95 
•37 
•62 

1»14 
•18 

l-Ol 

Berry 
Ecnshaw  . 
Gt.  George 
Park  Lano 
Myrtle 
Hanover ' . 
Gt.  Howard 
St.  AnuG  . 

pence. 

8-33 
18-31 

3-81 
16-29 

5*82 
14-61 
12-54 

Averages 

•18 

•       •  • 

•82 

•     •  • 

10-23 

renewed.  He  deduced  firoxn  the  tables  that,  when  the  mac- 
adam, was  subjected  to  heavy  loads,  the  annual  cost  of 

maintaining  it  was  nearly  equal  to  the  cost  of  renewing 
it,  and  that  the  vertical  wear  amounted  to  12  inches  per 
year.  Where  the  loads  were  light,  although  the  traffic  was 
great,  the  wear  of  the  macadam  was  only  about  half  as 
great  as  under  heavy  loads ;  and  that,  under  the  same 
circumstances  of  traffic,  the  expense  was  reduced  when 
the  street  was  wide  and  open,  and  the  moistore  was 
rapidly  evaporated  by  the  action  of  the  sun  and  the  air. 
He  concluded  from  the  experience  of  Castle  Street,  Dale 
Street,  and  Marybone,  that  set-paving  would  last  20  years 
before  requiring  to  be  renewed.  He  decided,  ^ally,  that 
the  total  annual  costs  of  maintenance  were  respectiTelyy 

Xj?sbpool.  Maintenanoe  annually. 

For  square-set  paving     •     •    *28  pence  per  square  yanL 
„  Boulder  paving  .      •      •  6*80        „  ^ 
D  Macadam        .     «      •  16*00        „  9, 
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8T0NB  PAVEMENTS  OF  MAKOHESTER. 

Thb  early  payements  for  the  streets  of  Manchester  con- 

sisted  of  bouldur  stones  brouglit  from  the  sea-coasts  of 
Wales,  Westmoreland,  and  Cumberland,  like  those  of 
liyetpool,  which  have  already  been  described.  But  the 
constniction  of  boulder  pavement  has  long  since  been  dis- 
continued ;  the  importation  of  boulders  into  Manckuster 
ceased  about  the  year  1840«  There  yet  remains  a  con« 
siderable  area  of  such  payementi  particularly  in  the  older 
streets  of  small  traffic,  in  the  outskirts.  They  are  in  process 
of  renewal  with  granite  sets.  When  finely  broken,  tlie 
boulder  stones  make  an  excellent  ^'racking''  or  packing 
for  paying  sets. 

The  principal  thoroughfares,  according  to  Mr.  H.  Boyle, 
District  Surveyor,*  are  paved  chiefly  with  syenitic  granite, 
or  with  tra])-rock  sets.  The  most  usual  dimensions  of  the 
sets  are  6  inches,  6  inches,  and  1  inches  in  depth ;  £rom 
8  to  3§  inches  in  width,  and  from  5  to  7  inches  long.  The 
largest  and  deepest  sets  are  laid  in  streets  having  the 
heaviest  tra£ic.  CubeK  of  4  inches  were  tried,  some  years 
ago ;  but  it  appeared  that  they  were  unfitted  for  resisting 
the  lateral  stress  of  the  traffic, — particularly  on  streets  of 
considerable  inclination.  Stones  are  obtained  from,  1st. 
The  Welsh  Granite  Company,  and  the  Portnant  Qranite 

•  Seo  a  paper  "  On  Street  Payements  in  Manchester,"  by  Mr.  H. 
Boyle,  District  Surveyor;  read  July  9,  1876,  before  the  AMOciatiWI 
ot  Municipal  and  SaaibaKy  Engineen  and  Snrreyon. 
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Company,  near  Camarvoii.  2nd.  The  Syenite  Qranite 
Oojnpany,  Portmadoo.  3id.  from  greywackd  quarries  at 
Penmaeiimaiir^  Korth  Wales.  4th.  Prom  quarries  at  Olee 

Hills,  Shropsliire.  5th.  From  Newry,  Ireland.  It  is  said 
that  the  prices  of  sets  £rom  these  quarries  are  nearly  the 
same. 

The  secondary  streets,  of  little  traffic,  are  paved  with 
sets  of  miJlstone-grit,  brought  from  the  moimtainous  dis- 
tricts of  Lancashire  and  Derbyshire* 

Macadam,  which  is  regarded  in  Manchester  as  an  expen- 
sive nuisance,  is  being  gradually  replaced  witb.  grauite 
pavement. 

The  payed  carriage-ways  are  oonsiructed  in  the  follow- 
ing manner: — A.  foimdation,  not  exceeding  15  inches  in 

tliickness,  is  luid^  of  cinders  and  other  liard  material, 
including  3  inches  of  gravel  as  a  bedding  for  the  sets. 
The  traffic  is  turned  oyer  this  foundaticm  until  it  becomes 
solid ;  and  the  teniporary  grayel  surface  is  renewed  from 
time  to  time.  "When  the  surface  has  become  suiiiciontly 
solid,  the  sets  are  bedded  upon  it,  and  well  beaten,  and 
they  are  racked  with  clean  small  broken  stones,  or  with 
washed  grayel.  The  joints  of  the  stones  are  then  fiUed  up 
"witli  an  asphaltic  fluid  mixture  composed  of  coal-tar,  pitch 
made  from  coal-tar,  gas-tar,  and  creosote  oil  j  in  the  pro- 
portion of  1  cwt.  of  pitch  to  4  gallons  of  tar,  and  1  gallon 
of  creosote, — ^proportions  whidi  are  yaried  somewhat  accord- 
ing to  the  quality  of  the  pitch  employed.  The  mixture  is 
melted  and  boiled  for  from  1  to  2  hours,  in  a  boiler  adapted 
for  the  purpose,  before  it  is  poured  into  the  joints. 

The  use  of  the  pitch-composition  for  closing  the  joints 
of  the  stone -sets  was  originally  suggested  by  Mr.  Eon- 
chetti,  a  chemist,  of  Manchester ;  and  the  good  reputation 
of  Manchester  payement  is,  in  a  great  measure,  due  to  th€ 
employment  of  this  compoimd  for  jointing,  together  with 
the  solid  foundation  prepared  for  the  pavement.  The 
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jointing  is  impervious  to  moisture,  and  possesses  a  degree 

of  elasticity  sufficient  to  provent  it  from  cracking.  It 
adapts  itself  to  ail  temperatures*  Sometimes,  as  Mr.  Eoyle 
observes,  in  the  heat  of  the  summer,  the  asphalte,  as  he 
calls  it,  rises  out  of  the  joints,  and  slowly  flows  to  the 
channels ;  but  this,  it  is  said,  rarely  liappeus,  and  it  hap- 
pens only  ^vlieu  the  asphalte  has  not  been  properly  pre- 
pare<1.  It  follows  that  the  foundation  is  always  dry,  and  at 
no  material  rises  from  below,  the  formation  of  mud  is  pre- 
vented, and  the  cleansing  of  the  surface  is  easily  done. 
The  foundations  of  hard  core,  prepared  in  the  manner 
described,  have  given  entire  satisfaction;  and  there  has 
not  been  any  need  for  the  employment  of  concrete  in 
foundations. 

The  pitch  obtained  for  the  jointing  of  the  pavement  has, 
during  the  last  10  or  12  years,  deteriorated  in  value  for 

the  purpose, — since  the  demand  for  gas-tar  for  tlio  manu- 
facture of  aniline  and  other  dyes,  which  has  greatly  in- 
creased,— ^by  the  removal  of  that  ingredient  in  virtue  of 
which  the  asphalte  retained  its  elasticity  and  adhesive* 
ness.  The  deficiency  is  partially  supplied  by  the  addition 
of  the  gas-tar,  which  is  added  to  the  pitch  whilst  it  boils. 
Still,  it  is  said,  the  asphalte  laid  in  the  old  pavements 
was  much  better  ^an  that  which  is  now  made ;  and  the 
carriage-way  pavements  more  recently  constructed  are  not 
likely  to  last  so  long  in  good  condition  as  the  older 
asphalted  pavements. 

The  cost  for  repaying  an  old  street  with  sets  6  inches 
deep,  exclusive  of  the  cost  for  foundation,  and  without 
taking  credit  for  old  materiali  is  as  follows  :-— 

For  stono  snts,  6  inches  donp  .  •  8s.  4d.  per  square  yard. 
Labour,  carting,  grayel,  asphalte       •   2s.  6d.  to  2s.  9d. 

Total  .      .      .  ,  .      .      .  108,  lOd*  to  lis.  Id.'  „ 

Xhe  aniount  of  the  second  iteia  for  labour,  &o«,  is  a  mini- 
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mum  in  summer,  wiien  the  men  work  for  54J>  liourB  per 
week;  and  is  a  maximum  in  winter,  when  the  hours  of 

labour  arc  fower.  Tiiu  aveiage  cost  fur  tlie  year  is  lU. 
per  square  yard. 

Mr.  Boyle  states  that  the  cost  for  maintenance  of 
asphalte-granito  pavement  is  in  simple  proportion  to  the 
density  of  the  tratfic ;  at  the  centre  of  tlio  City,  the  cost 
is  greatest.  He  adds  that  the  aTerago  duration  of  the 
ppyement^  as  first  laid,  is  14  years;  at  the  end  of  which 
time  it  requires  to  be  entirely  relaid ;  and  that  a  sinking 
fund  of  Sd.  per  sijiiaro  yard  per  year  would  pruvide  labour 
and  material  for  maiutenance  in  perpetuity. 

Mteadam  Maneh$$Ur. — The  cost  of  macadamising 
Albert  Place,  Manchester,  in  1852,  exclusive  of  founda- 
tion, comphbiug  an  area  of  1,373  st^uare  yards,  was  as 
follows  :— 

Per  ea.  yd. 
B,  d. 

606  tons  9  cwi.  of  macadam  at  lOi.       •  £303  4  6  4 
Labour     «        «         •  "      ,         ,      U  IS   8      0  2 
Garting    ,        .        .        •        .      24  15  4|    0  4} 

Total   *        .        .     839  18  0}    4  11^ 

Taking  the  weight  of  one  cubic  yard  of  macadam  at 
1 J  tons,  the  bulk  of  the  macadam  used  was  (606*5  x  1=) 
539  cubic  yards,  which  was  equiralent  to  a  layer  9  inches 
in  thickness.  The  cost  of  maintenance,  including  Bca7* 
onging,  was  1*.  Hd.  per  8(iuarc  yard  per  year. 

Manchester  now  has  490  miles  of  paved  streets,  granite 
setts  or  blocks  and  tar  grouting  being  chiefly  used,  except 
in  the  secondary  or  suburban  streets,  where  millstone  grit 
flag,  also  laid  with  tar  grouting,  is  employed. 

Stone  Pavements  in  other  towns  : — In  Jersey  City,  N.J.,  is 
a  street  paved  with  trap  rock  which  has  been  in  use  for 
thirty-flye  years.  It  is  good  now,  but  worn  quite  smooth. 
In  Worcfaesteri  Uasa,  only  gnmite  block  pavement  is  used, 
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and  the  Bumyor  18  of  opiiuontliatitinlloiitilaBtaiiyollLer 
payement.   There  are  granite  block  payementa  there  which 

wore  laid  twenty  years  ago,  and,  of  course,  have  been  re- 
laid  since,  which  are  in  a  good  condition. 

The  anxyeyor  of  Edinburgh  giyes  the  first  place  to 
granite  block  payement,  the  second  place  to  hard  sandstone, 
and  a  bad  third  place  to  wood.  As  regards  the  setting, 
granite  laid  on  a  6-incli  bed  of  concrete  with  a  cushion 
of  H  inches  of  saud  under  the  stone  is  preferred.  • 

In  Glasgow  granite  payement  is  said  to  last  without  re- 
dressing from  twenty  to  thirty  years,  according  to  the 
traffic,  after  which  it  can  be  redressed  and  will  be  then 
suitable  for  paving  purposes  for  another  twenty  years,  and 
eyen  after  that  useful  for  paving  purposes  in  many  streets 
where  there  is  but  little  traffic. 

Newcastle-on-Tyne  has  107  miles  of  payed  streets  and 
33  miles  of  macadam.  Granite  setts  or  blocks  are  there 
found  to  last  from  twenty  to  thirty  years.  Granite  chips 
(macadam)  from  ten  to  fifteen  years.  Experience  in  this 
city  has  demonstrated  that  the  Telford  system  of  road- 
making  gives  excellent  results  whether  used  as  a  sub* 
stratum  for  paved  or  macadam  roads,  and  it  has  been  found 
that  a  little  extra  trouble  taken  with  the  hand-packed 
nnderlayer  of  8  inches  thick,  is  yeiy  amply  repaid  in  the 
superior  wear  of  the  payement  aboye,  in  fact  the  bottoming 
is  found  to  be  the  chief  part  of  the  road. 

In  Dublin  preference  is  given  to  stone  setts  or  blocks 
close*}ointed  laid  on  concrete  for  heavy  traffic.  Some  of 
the  granite  paying  laid  on  the  old  system  without  eonerete 
or  tar  joints  has  lasted  for  thirty  years. 
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It  has  been  stated  that  the  greTwaekS  sets  from  Pen* 
maenmanr  are  procticaUy  limitless  in  their  resistance  to 

•wear  ;  and,  as  a  corollary,  they  make  dangerously  slippery 
paYemeuts.  Next  to  these,  the  sets  of  Guernsey  granite 
may  be  ranked.  Mount  8orrel  granite  comes  after;  and 
Aberdeen  granite  sets,  the  most  generally  popular,  are  the 
softest  and  tlio  least  durable ;  that  is,  they  wcai'  the  most 
rapidly*  The  order  of  resistance  to  wear  of  other  stoneS| 
—the  results  of  Mr.  Walker's  experiments,— has  been 
g^ven,  page  126. 

The  data  for  the  Tertieal  wear  of  ^anite  pavement, 
forming  the  basis  of  the  following  table,  No.  28,  are 
collected  from  various  sources*: — 


Table  No.  28. — Weak  of  Cahriaoe-way  Pavements  in  the  Citt. 

Aberdeen-granite  stones. 


4 

Num- 

Amount of  vertical  wear. 

Num- 
ber of 

pTearof 

ber  of 

years  to 

lAOAUfY. 

obser- 

of 

rears 

Total 

per  Year. 

wpfir 

vation. 

8tOXl€«. 

down. 

awav 
1  tUMU 

Inch^. 

Years. 

Inches. 

1 

Inch. 

Tears. 

Watling  Street  • 

1844 

6 

17 

l^tf 

•066,  or  ^- 

15-5 

Oreat  Tower  Street  • 

f 

S 

9 

H 

'139>  or  ^nearly 

7*2 

Bishopsgate  Street 

Without 

1850 

e 

20 

•105,  or  -^^j  fully. 

9*6 

St.  Paul's  Churchyard 

1847 

6 

16 

2 

•125,  or  J 

8 

Fleet  btreet  . 

1846 

6 

14 

2 

•143,  or  f 

7 

Poultry   .       •  • 

1852 

3 

6 

litoli 

•230,  or  ^ 

4-4 

London  Bricle:o 

1851 

3 

9 

2 

•222,  or  1 

4-5 

Blac  k  friars  B  J  g .  ( ol  d) 

1853 

3 

13 

•115,  or  I 

8-7 

Do.  (Guernsey  atones} 

1853 

1  " 

•019,  or 

52 

•  Chiefly  from  the  Frocecdtngt  of  the  In^UMim  of  CipU  £n0imerif 
yoL  is.,  page  214 ;  and  T<d.  xiu.|  page  221> 
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It  may  "be  expected  that  there  is  a  correapondence  t>e- 

tween  the  intensity  of  the  tratfic  and  the  rate  of  vertical 
wear  of  the  seyerai  granite  paveinents.  But,  ia  forming 
such  a  comparifloiiy  ishete  ia  another  factor  to  he  introduced, 
—the  width  of  the  paTement ;  for  the  rertical  wear  may 
bo  expected  to  be  directly  as  the  quantity  of  daily  traffic, 
and  inversely  as  the  width  of  the  street ;  and  the  quotient 
of  the  traffic  hy  the  width,  or  the  number  of  yehicles  per 
foot  or  per  yLird  of  widtii,  measures  the  intensity  of  the 
traffic.  The  folio  \\  ing  table,  No,  29,  has  been  constructed 
to  show  to  what  extent  the  relation  holds  good  for  such  of 
the  thoroughfares  as  haye  had  their  traffic  obseryed.  The 
traffic,  showing  the  number  of  yehides  that  traversed  each 
locality  in  ten  hours  in  one  day,  in  1850,  already  given  in 
a  previous  table,  is  calculated  for  one  foot  of  width  of  each 
locality ;  and  the  last  column  contains  the  products  of  the 
relatiye  intensities  of  traffic,  in  column  4,  hy  the  periods  of 
year  required  to  wear  the  pavement  through  equal  vertical 
depths  of  one  inch.  These  products  represent  proportion- 
ally the  relatiye  amounts  of  traffic  which  caused  equa] 
amounts  of  yertical  wear : — 


Tabls  No.  29.— Wsa&  of  OAURrAGE.ivAT  uelativb  to  InTXNftitnr  of 

T&AFric* 

Abetdeen  Gianxte  Stonei. 


LoOALIff. 

1 

1  Approad*  1 

arerage  " 
width  of 
pavemeat. 

Vehicles  in  one  day 

ia  1660,         INnmbcr  of 
i  years  to 

Pclritive 
nrnutints  of 
ti'affic  for 

equal 
amounts  of 
vertical 
wear. 

1 

Per  foot 
of  width. 

wear  away 
one  inch. 

Sets  6  inches  wide. 

Gt.  Tower  Street 
Bishopsgato  6t.  i 
Without  i 

StPaul'sChurch- 
yard     •  « 
Fleet  Street 

Feet. 

16 

22 
(iuurrow€*t 
port.) 

83 
30 

Vehicles. 
2,830 
4,110 

e,829 
7,741 

Veliicles. 
181 
190 

207 
2d8 

Ycai-B. 
7*2 
9-6 

8 
7 

Col.  4  X  roL  5 
1,303 
1,824 

1,G56 
1,806 
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Table  No.  29 — tantUiu^ 


XlOOAXJTT. 

Approxi- 
mate 
average 

wifltli  of 
paTement. 

Vehioles  in  one  day 
Jnl86D. 

1 

NvcoibtBtol 
years  to 

lie  Li  live 
amounts  of 
tnlBofiir 

equal 
amounts  of 
TBrtioal 
wear. 

Total 

Per  foot 
of  iridth. 

wear  away 
one  inch. 

Sfita  2i  iTinhflfl  wide. 
Poultry 

Tiondon  Bridge . 
Blackfnars  Bag. 
(old)     .  • 

Feet. 

22 
35 

28 

TeUdee. 

10,274 
18,099 

6,262 

TeUcttee* 

467 
374 

188 

Teart* 

4-4 
4*5 

8-7 

CMu*4xeQL6 

2,055 
1,683 

1,636 

■  ! 

M 

3 

4 

6 

6 

Supposing  that  the  intensities  of  trafRc  be  truly  measured 
by  the  quantitieB  in  the  4th  column  of  the  table,  and  that 
the  wear  had  been  exactly  in  the  inverse  ratio  of  the  in- 
tensity of  traffic,  the  relative  products  in  the  last  column 
should  have  been  equal  to  each  other.  But  the  quantities 
in  the  4th  column  can  be  but  roughly  approximate  to  each 
other,  for  they  are  based  on  but  one  day's  observations  ; 
besides,  the  traffic,  though  it  was  distinguished  according 
to  the  number  of  horses  to  a  vehicle,  was  not  classified  so 
as  to  distinguish  goods  traffic  from  passenger  traffic. 
There  is,  nevertheless,  a  remarkable  degree  of  correspon- 
dence in  the  products  or  measures  of  performance.  The 
Poultry  exhibits  the  highest  product;  and  that  is  con- 
sistent with  tiie  fact  that  the  traffic  consisted  of  a  less  pro- 
portion of  waggon  traffic  than  that  of  London  Bridge  or 
iFleet  Street,  and  that  the  traffic  of  the  Poultry  was  limited 
to  a  walldng  pace.  Again,  Hiough  there  is  a  much 
larger  proportion  of  heavy  traffic  over  London  Bridge, 
yet  the  heaviest  traffic  movea  at  a  walking  pace,  and 
thus  the  pavement  holds  a  high  position  in  the  order  of 
relative  duration.  It  is  remarkable,  too,  that  BlackMars 
Bridge,  with  an  intensitgr  of  traffic  exactly  one  half 
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that  of  London  Bridge,  eliows^  in  column  5,  about  twice 
the  actual  duration ;  and  ihat^  consequently^  the  products 

in  the  last  column  are  substantially  identical.  The  per- 
formance of  Bishopsgate  pavemeut  is  high ;  and  the 
highness  of  the  rote  may  be  partially  attributable  to 
the  fact  of  the  irregularity  of  width  of  the  street,  for 
hero  and  there  it  expands  into  large  bays  which  dilute 
the  traffic  to  some  extont  at  certain  localities.  • 

The  evidence  in  the  last  table  supports  generally  Oolonol 
Haywood^s  conclusion^  drawn  from  the  results  of  his 
observations,  that  tlio  duration  of  a  pavement  is  ' '  almost 
exactly  "  in  the  inverso  ratio  of  the  amount  of  the  traffic 
oyer  it. 

From  the  foregoing  materials,  some  useful  general  data 

may  be  adduced  for  the  w  ear  and  duration  of  granite  pave- 
ments. For  the  seven  pavements  named  in  Table  No.  29, 
the  traffic  and  the  wear  were  as  follows : — 


Ammmdmmm  GftAviTS  Patbhsxts. 

Great  Tower  Street '  . 
Bidiopegate  Street  ^thout 
8t  Paul's  Churchyard  • 
Meet  Street     •  • 
Poultry  . 
London  Bridge  • 
Blackfriars  Bridge  (old) 

Totals 

Averages    •  • 


Vehicles  per 
foot  of  width. 

181 

190 

207 

258 

467 

374 

188 


Vertical  wear 
per  year. 

*lS9inch. 
•105 
•125 
•143 
•230 
•222 
•115 


w 

t» 

n 


1,865  vcludcs.  1079  iochea. 
266     „  -154 


Prom  tlioso  avcrng'Cf?,  it  appears  that  the  wear  per  100 
vehicles  per  day  per  foot  wide,  was  equal  to  ('154  X  i£«  =) 
*058  inch,  or  about  iV  inch  per  year. 

To  apply  this  rate  of  wear  to  the  representative  streets 

in  Table  No.  24,  page  188,  the  daily  traffics  iu  12  hours  are 
here  taken,  ior  the  sake  of  uniibrmity  of  comparison  i*-^ 

*  These  traiEcd  aro  take  a  from  a  table  cf  Asphalto  Favementa,  in  a 
following  page. 
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Choapride  •  • 
Poultry 

Old  Broad  Street  • 

Moorgato  Street  • 

Lombaxd  Street  , 

Average 

(     The  average  duration  of  the  granite  pavements  in  ihess 

streets  is  given  in  Tublo  No.  24  as  15*6  years.     Take  it 
at  15  years,  as  a  round  number.    Then,  the  total  vertical 
wear  of  the  pavements  when  removed  is  (i^  X  15  X 
f  U  =)  2*06  inches,  say  2  inches. 

Again,  tlio  stones,  after  having  been  redressed,  last  20 
years  longer,  in  minor  streets,  for  which  the  traiiic  averages 
150  vehicles  in  12  hours,  per  foot  of  width.  Then  the 
total  vertical  wear  in  the  minor  streets  is  ( A  X  20  X 
io^=)  rS7u  inches,  or,  ua  a  ruuiid  number,  2  iuclies. 


Table  No.  30. — City  op  London  ".—IvKCAnTULATiov  or  Data  on 

THB  WEAK  AND  Ul  RATION  OF  ABERDEEN  GkANITB  PAVEUliNXa. 

Seta,  3  inches  wide;  9  inches  deep. 


Aberdeen  Ortnite  PamiMnts. 

Vertical  wear. 

1  Duration, 

lochee. 

^  Veen. 

Ycrticfil  wear  per  1(H)  rolnrles  in  12 

hours  per  foot  of  width,  per  yeax  . 

1 

Total  vertical  wear  in  principal  streets 

2 

15 

Ditto  udditional  ditto  in  minor  ditto  . 

2 

20 

Total  vertical  wr ar  ^\  Virn  laid  nsido  . 

4 

ricmainini^  di-ptli  when  laid  aside 

Dentil  of  new  sets      •      •      •  • 

• 

Here  it  is  seen  that  3-inch  sets  may  be  reduced  by  wear 
to  5  inches  of  depth,  when  they  ore  treated  as  worn  out, 
and  are  laid  aside. 

The  depth  of  a  stone-set  should  be  proportioned  to  the 
width  at  the  surface.  For  insuring  steadiness  and  re- 
sistance to  the  vertical  and  oblicxue  forces  applied  to  it  by 


29S  vehicles  per  foot  of  width* 


• 

n 

M 

• 

ICS 

§^ 

• 

ISS 

H 

n 

• 

n 

220 
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the  trafEcy  tjie  depth  of  a  set  cannot  be  too  great ;  but  it 
may  be  too  small,  for  the  resistance  to  displacement  be* 
comes  less  as  the  depth  is  reduced  in  proportion  to  tiie 
"widtli.  A  flagstone  laid  in  a  foot  pavement  is  an  extreme 
case  in  point :  it  can,  if  at  ail  loose,  be  more  easily  tilted 
on  its  bed,  hj  forces  acting  on  it,  Tvhich  may  act  with 
leyerago  than  if  it  were  one  of  a  row  of  flags  on  edge 
placed  i:ido  by  side.  For  reasons  of  this  nature,  old 
paving  stones,  from  6  to  8  inches  wide,  are  to  be  met  with 
in  London,  having  a  depth  of  11  or  12  inches.  Mod«m 
granite  sets,  3  inches  wide,  are  made  7  or  9  inches  deep , 
and  if  2-incli  sets  were  used,  a  depth  of  6  inches  would  be 
snfi&ciont  for  stability.  Thence  thero  is  a  saving  in  iirst 
coat  by  laying  narrow  sett. 


Digitized  by 


OBAPTEB  Xt 

8T0KE  TRAMWAYS  IN  STBEEXA. 

Kb,  Walker  laid  down  two  granite  tramways  on  thd 
CSommercial  Boad,  in  the  east  of  London ;  they  consisted 

of  two  uniform  lines  of  "tram-stones,"  each  16  inches 
wide,  and  12  inches  deep,  and  5  or  6  feet  in  length,  placed 
at  a  snitable  distance  apart^  to  carry  the  wheels  of  vehicles. 
The  interspaces  are  paved.  Such  tracks  are  laid  in  several 
narrow  streets  in  the  City  of  London,  at  Holyhead,  and  in 
other  places.  When  they  were  first  laid  down  in  England, 
each  wheel-track  had  kerbs  at  the  outer  sides;  but  in 
recent  constructions  these  have  been  dispensed  with,  and 
vehicles  may  move  freely  from  one  part  of  the  road  to 
another.  Fiom  the  ( xjieriments  of  Sir  John  Macneil  on 
the  resistance  of  granite  trackways,  the  resistance  amounted 
to  only  I2k  lbs.,  or  13  lbs.,  per  ton  of  gross  weight: — less 
than  half  the  resistance  of  granite  paving.  On  fin  incline 
of  1  in  20,  it  is  reported,  the  resistance  was  li32lbs.  per 
ton,  against  a  resistance  of  295  lbs.  per  ton  before  the 
tracks  were  laid.  In  Glasgow,  a  tramway  consisting  of 
cast-iron  plutos,  2  inclios  tliiclc,  8  inches  i,vido,  and  cast  in 
lengths  of  3  feet,  is  laid  in  Buchanan  Street,  on  a  gradient 
of  1  in  20,  where  it  has  been  down  for  40  years. 
Oranite  tramways*  are  in  general  use  in  Northern 

*  For  the  particulars  of  Italian  tramways,  the  writer  is  indebted 
to  the  valuable  "  Report  on  Stone  Tramways  in  Italy,"  by  Mr.  P.  Le 
Neve  Foster,  Jun.,  C.E.,  appended  to  the  Report  of  tho  Committee  of 
|he  Society  of  ArU  on  Tkactum  on  Iioad%"  Juno  25tb»  W6* 

P 
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8 


5®i 


. . . .  • ' 


•'.15/:;^  50*- 


\ 


Italy,  not  only  in  the  streets  of  the  principal  cities — as 
Turin,  Milan,  and  Yerona — but 

also  in  smaller  towns,  as  Chi- 
vasso,  Mortara,  and  Vigevano. 
They  consist  of  iwo  parallel 
lines  of  granite  blocks,  usually 
24  inches  wide,  8  inches  deep,  "Y" 
and  5  feet  in  length,  bedded 
in  a  layer  of  sand.  See  Fig. 
61.  The  lines  are  28  inches 
apart,  and  the  interspace,  or 
footway  for  horses,  as  well  as 
the  other  portions  of  the  road- 
way, are  paved  with  cobbles 
obtained  £:oin  the  Po,  or  from 
other  rivers.  These  stones 
should  be  egg-shaped,  with  a 
maximum  diameter  of  from 
8J-  to  4i  inches,  and  a  depth  of 
from  4(  to  5^  inches.  The 
roadway  is  usually  formed  with 
a  slight  inclination  dowiuvards 
towards  the  centre.  By  this 
arrangement,  the  space  between 
tlio  trams  serves  as  a  cliaiinol  to 
receive  tlio  surface  water,  oud 
is  provided  with  stone  grat- 
ings, placed  at  suitable  inter- 
vals, as  shown  in  Fig.  52, 
by  which  the  water  escapes 
into  the  sewers.  The  surfaces 
of  the  trams  are  slightly  in- 
clined towards  each  other,  the 
inner  edges  being  f  inch  lower  than  the  outer  edges; 
whilst  the  interspace  is  concave,  having  a  versed  sine  ot 


•:ijti'«'-' 

oi.* 
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depreaaibiL  of  1^  inches.  The  foundation  of  the  roadway 


'Fv*  6fi.*Pltfl  CC  Tammj,  Northern  Italy,  ih0«illg  ttMM  fOllif. 

:  goateMOOtlk. 
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consists  of  a  layer  of  screened  gravel,  about  6  incheB  deep. 


placed  on  the  surface  of  the  ground^  and  well  rammed  and 
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watered,  bo  as  to  form 
acompaetmasB.  Two 
inches  of  sand  is  laid 

on  the  gravel,  as  a 
bed  for  the  paving- 
stones.     The  upper 

surfaces  of  the  trams 
are  dressed  fL&t,  and 
the  ends  squarOi  to 
form  close  joints.  The 
stone  gratings  for  the 
gullies  are  32  inches 
long,  formed  with 
three  slots,  12  inches 
long  and  inch 
wide.  After  the  trams 
are  placed,  the  other 
portions  of  the  pave- 
ment are  completed. 
After  the  surface  has 
been  well  rammed 
with  a  wooden  ram- 
mer, it  is  watered 
and  covered  with  a 
bedding  of  sand  i 
inch  deep,  so  as  to 
£11  the  joints  by  de- 
grees. On  steep  gra- 
dients, the  surfaces 
of  the  trams  aro 
grooved  diagonally. 
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SCHEDVLB  OF  VbICWH  IN  MlLAK. 


Granite  blocks  for  trams,  from  the  quarries  of  St. 

Fedelino,  iiicludiiig  labour  for  setting,  per  lineal  • 

yard        ......  10s.  3jd. 

Granite  blocks  from  Mont  Orfano     per  lineal  yard  88. 

Do.      do.  do.  I 

not  including  setting       f       >»      »'  ^ 

Paving  with  cobbloa  •         .        per  square  yard  lOfd. 

pit  sand       .         •         .          per  oulnc  yard  Is.  6^d. 

Biver  sand,  from  the  Tiotno  or  fho  Adda      „  38.  0}d. 

Screened  pit  gravel    •        •        «       „  Is.  I|d. 

Do.      do*     from  the  Adda    •       „  28.  lid. 

OobhleB  for  paving,  from  the  Adda  or  i 

theBrembo   J         »  08.  B^d. 

Do*      do.      from  the  Ticino   .        „  4s.  3d. 
Do.      dOi       from  the  Lambro  ^ 

or  the  Senese  )         ^  ^"^^ 

Stone  gratings  for  gullies     . .       •         .    each  13s.  9d. 

Wages: — Stone  mason        •         •         yctdsLy  2s.  to  2s.  9d. 

Labourer    •         •         •             „  lOjd.  to  Is.  7d. 

Pavior       •         .         *             „  lO^d.  to  Is.  (d» 

Xiftbour ; — Dressing  ends  of  granite  )  , 

blocks  to  form  joints  P^^"^^^'^^^^  28.  to  3s.  4d. 

'  Diesstog  ddc8  o!  bloclES  Is. 
Dxesaing  upper  snrlsce 


ofblocks       .      .}  » 

per  lineal  yard    le.  Id. 


Kepcoirs Itcmoval  and  rebeddmg  ^ 
of  stones,  indnding ) 
dressing  upper  sur-j 
face  and  ends  .      . ' 
XtemoYal,  inrithout  re-dressing       „  lOd. 
Catting  diagonal  groo'ves  \ 

I  inch  deep,  4  inches  >  per  square  yard  8d. 
apart,  on  trams      •  / 

IFrom  these  prices,  it  is  calculated  tliat  the  cost  of  a  line 
of  tramway,  comprising  two  lines  of  trams  and  the  inter- 
mediate paving,  amounts  to  £1,778  per  mile. 

On  wido  thoroughfares,  as  at  Milan,  there  are  three  or 
four  lines  of  granite  tramway.  But^  on  some  lines,  the 
interspace  is  paved  with  Butch  clinker  bricks 
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A  Member  of  the  Committee  of  the  Sooiefy  of  Arts  pro- 
posed a  new  form  of  tram^Yay  and  road,  in  which  a  lino  of 
asphalto  trains  is  laid  on  a  road  formed  of  hard  concrete. 
See  Eig.  do. 

The  design  for  a  concrete  road  is  based  upon  the  prin- 


Vig.  08.— Fkoposed  Boadway  vitli  TVlieel-tiBcilDi  of  Aiplialte. 

ciple  of  Mr.  Mitchell's  concrete  macadam,  already  noticed. 
Another  desigii  by  the  same  member  is  illustrated  by 

Fig.  56. 
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WOOD  PAVEMENT. 

Wood-paving,  originally,  was,  liko  granito-paving,  laid 
in  large  blocks,  and  without  any  width  of  joint  or  inter- 
space,— ^like  the  hexagonal  paving  introduced  from  Bussia, 
measuring  8  or  9  inches  across  ;  and  like  Carey's  original 
paving,  in  blocks  6  inches  wide,  and  12  inches  long,  a 
sample  of  which  remained  till  recently  in  Bartholomew  Lane. 
33ut^_iyce^  pranite-paving,  vood-paviny  best  answers  its 
purpose  when  it  is  restricted,  in  the  width  of  sets  or 
blocks,  to  3  inches,  inches,  orj4  inches,  witlLJjitcr= 
spaces  or  inclines,  to  afford  the  requisite  stability  for  a 
minimum  depth,  and  the  necessary  foothold  for  horses* 

Wood-paving  is,  by  almost  xmiversal  practice,  laid  with 
the  fibre  vertical  position^ — on  end.     This  is  the 

best  position  for  wear,  for  endurance,  and  for  safety. 

According  to  the  best  experience  of  wood-paving,  it 
should  consist  of  plain  rectangidar  blocks,  soUdly8etup^Q__ 
a  Toundation  of  concrete,  with  water-tight  joints^  A 
wood  pavement  so  constructed  as  to  fulfil  these  conditions, 
gives  satisfaction  on  the  five  points  of  convenience,  deans- 
ing,  maintenance,  safety,  and  durability.  Unless  the 
foundation  be  rigid,  it  is  impossible  to  preserve  a  sound 
pavement ;  and  as  in  macadam,  so  in  wood-pavement,  the 
dogma  of  elastic  action  has  been  exploded  by  experience, 
for  it  was  found  that  such  a  degi*ee  of  elasticity  as  is 
afTorded  by  the  reaction  of  vertical  wood-fibre,  against 
a  vertical  pressure,  is  quite  su^^cient  to  absorb  the  shock 
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of  a  horse's  hoo^  and  to  soften  the  strokes  of  loaded 
wheels. 

As  with  grft«j»^  Tflfrfig        with  yir^  Uqtkku^  gftiigft 

of  a horse's  hoofJs^gkfLjTOaBiire  of  the  proper  maxuniim 
width.  The  most  common  width  of  blocks  is  3  inches  ; 
but  they  are  sometimes  made  3^  inches  or  4  inches  wide. 
The  advantajp  of  the  nawower  width  gcgingts  in  this. 
4hn^.^  iwmiil^  flffnynittg  a  moro  ready  foothold,  narrower 
blocks  have  more  stability  than  wider  blocks  of  the  same^ 
depth ;  and  that^  in  short,  the  narrower  the  block^  the 
shallower  it  may  be  made. — so  econo"*^""g  itifttori«tl 
Mr.  Carey's  practice  affords  an  illustration  in  point. 
Ilis  original  blocks,  which  were  6  or  7  inches  wide,  were 
made  8  inches  and  9  inches  deep  ;  according  to  his  latest 
practice,  his  blocks  are  only  4  inches  wide,  and  they  are 
only  5  inches  or  6  indies  in  depth.  The  course  of  the 
practice  of  wood  pavement  is  strictly  analogous  to  that  of 
granite-set  pavement.  It  may  be  added,  that  the  length 
of  a  block  should  be  suitably  proportioned  to  the  width. 
A  length  of  12  inches  for  a  block  8  inches  wide,  has 
been  tried  and  found  to  be  too  much : — the  blocks  were 
subject  to  splitting  across. 

The  noriPftl  dimpnainnR  nf  nafii-wnnd  blocks  in  current 

practice  are; — width,  3  infbftn;  dfipth,  fiinrhnsj  length, 
j^ches^^T^ese  are  in  the  proportions     i ,  '>j 

The  next  essential  provision  is  an  interspace  of  suit- 
able width  between  the  courses  of  blocks,  to  make  a 
good  joints  affording,  at  the  same  time,  foothold  where 
the  joints  supply  the  only  fulcrum.  The  blocks  are  sot 
end  to  end  in  each  course;  and  the  width  of  interspace 
between  the  courses  varies  from  about  i  inch  to  j-  inch. 
Experience  has  decided  that  the  narrower  the  interspaces 
the  better  for  the  durability  of  the  j)a^*^"^*^"^- 
•  Dimensions  of  Hard-wood  Pamng  Blocks. — Haij^wood  blocks 
as  now  used  are  generoilyi  width  3  incheS|  depth  6  inches, 
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and  length  9  mchoR,  these  bmng  found  to  be  in  pracfcioe 

lEenjesfdimensions.  Close  jointing  with  pitch,  and  actual 
butt-jointing  of  the  naturiTwood^e  favoured  by  the 
"best  authorities. 

Method$  of  laying  and  jointing  Wood  Paving  JBheko.— The 
laying  and  jointing  of  wood  blocks  has  been  effected  in  a 
great  number  of  diiferent  manners,  and  numerous  patents 
haye  been  taken  out  from  time  to  time  upon  this  subject. 
Space  does  not  admit  of  our  going  into  any  particulars 
here,  but  short  descriptions  of  a  few  of  the  many  systems 
will  be  found  given  further  on.  It  may  bo  mentioned, 
however,  that  some  of  these  systems  provided  for  laying 
the  blocks  on  boards  on  a  foundation  of  sand,  others  for 


Fig.  or.— LoDgltiidiiiBl  and  transrerae  sections  of  Wood  Taifmeat  allowing 

joint  with  lath  dittanoe  piooe. 


laying  them  upon  either  a  layer  of  asphalte  or  upon  a  bed 
of  tarred  felt  placed  upon  a  foundation  of  concrete.  The 

laying  of  the  blocks  has  been  executed  by  placing  them 
in  transverse  courses,  and  diagonally  as  in  the  case  of 
Lloyd's  keyed  system.  As  regards  jointing,  this  has  been 
also  carried  out  in  a  great  variety  of  manners,  amongst 
which  may  be  mentioned  what  are  known  as  the  mastiOy 
semi-mastic,  cement,  lime,  felt,  etc.,  the  width  of  the  joints 
ranging  from  that  of  practically  nil  in  the  case  of  the  close 
butt  joint  to  1  inch  in  the  widest.  In  the  wide-joint  ^rpes 
of  parement  means  for  keeping  the  blocks  at  regular  and 
parallel  distances  apart  in  the  transirerse  courses  haye  to 
be  adopted,  but  the  ends  of  the  blocks  are  usually  arranged 
to  butt  or  are  placed  in  contact.   The  distance  between 
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the  transyme  oourses  is  in  some  cases  maintained  by 

moans  of  woodon  strips  or  laths,  as  shown  in  Fig.  57,  and 
in  others  by  ike  use  of  cast-iron  single  or  double-pointed 
studs  which  are  fixed  in  each  block,  one  fonn  of  single- 
poinied  stud  and  method  of  fixing  same  in  the  block  is 


Fig.  68.— Loosttodfiial  and  transverae  seotioiu  of  Wood  Payement  shoving 

joint  with  stud  diitanoe  pkoes. 


shown  in  the  illustrations  (Figs.  58  and  59).  This  latter 
arrangement  not  only  seryes  the  purpose  of  keeping  the 

straight  joints  in  the  transverse  courses  parallel,  but  also 
acts  to  a  certain  extent  to  lock  or  key  the  blocks  together 
and  to  prevent  their  displaoement. 


Tig.W.^SUeioidcndTiewot  Stndidiaimtoaneiilfligedseato* 


The  more  complicated  types  of  pavement  ore  now  but 

little  used,  unless  it  be  in  very  special  cases  and  under 
certain  specific  circumstances,  and  for  ordinary  conditions 
experience,  has  undoubtedly  proved,  that  the  simpler  the 
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fozm  of  conBtmotion  the  bettor^  and,  tm  has  been  already 
mentlonedy  blooks  laid  ^th  either  olose  or  with  butt 

joints,  upon  a  solid  bed  or  foundation  of  good  concrete, 
are  found  to  be  the  best. 

At  the  intersection  of  the  streets  the  eoorses  must  be  so 
laid  as  to  ensure  as  smooth  and  even  a  surface  as  possible 
for  Tehicles  to  pass  oyer.  The  method  of  blocking  at  the 
intersection  of  streets  adopted  by  Mr.  Stayton  in  the 
Chelsea  pavements  is  shown  in  Fig.  60.  This  consists  of 
laying  the  intersecting  courses  V -shape,  so  as  to  ensure 
the  traffic  passing  over  the  blocks  ai  an  angle  of  90  degrees^ 
or  as  nearly  approaching  thereto  as  attainable.  With 
wood,  however,  as  with  ali  other  paving  materials,  even 
given  a  pavement  as  nearly  perfect  as  it  is  practically 
possible  to  oonstruot  it,  unless  the  maintenance  thereof  be 
properly  attended  to,  it  cannot  remain  lor  any  length  of 
time  in  a  satisfactory  condition,  but  must  sooner  or  later 
fall  into  a  state  of  disrepair. 

Frineipai  Woods  employed  at  the  prmnt  time  for  paving 
pwrpoiM^^ThB  woods  at  the  present  time  employed  for 
paving  purposes  in  this  country  comprise  Baltic  fir,  beech, 
cedar,  elm,  larch,  oak,  pitch  pine,  and  the  Australian  and 
New  South  AN'ales  hard  A\oods,  blackbutt,  blue  gum, 
jarrah,  karri,  red  gum,  spotted  gum,  and  tallow  wood. 

In  the  large  cities  of  South  America  certain  native  hard 
woods,  Buch  as  the  quebradio  and  algarobos,  are  usedirith 
excellent  results. 

Pitch  pine  being  a  wood  containing  a  large  quantity  of 
resin,  is  unhtted  for  use  in  damp  situations,  as  it  is  under 
such  droumstanees  liable  to  rot  very  rapidly ;  it  is  also 
quickly  affected  by  changes  of  temperature,  and  would 
therefore  seem  to  be  imsuitable  for  this  climate.  The  Lost 
soft  wood  for  paving  purposes  is  St.  Petersburg  rod  deal, 
and  next  to  this  follow  in  consecutive  order  Memel,  Dant- 
sig,  Biga,  Swedish  yellow  deals,  and  American  spruce. 

Hr.  Stayton^  writing  in  1894|  advocated  tbe  use  of 
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blocks  cut  from  Swedish  yellow  deals  (Gothenburg  thirds), 
close  and  evenly  grained,  well-seasoned,  and  thoroughly 
blight  and  soimd*'*^  The  result  of  heavy  traffic  upon  yaxious 


Fig.  00.~71an  view  ihowing  Method  ol  P'lMiMrg  at  flie  inteiseollon  of  ilneli. 


kinds  of  wood  unquestionably  demonstrates,  he  sa3r8,  that 

of  hard  woods  pitch  pine  takes  a  high  place.    The  extreme 

«  Firmedmfft  nf  tki  IngtUuHm^  tf  OMl  J^tuMff ,  1884,  vol  Izxtiii. 
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hardness  of  this  timber,  however,  he  eonslders  renders  it 

wanting  in  elasticity  as  compared  with  yellow  doLil,  and 
disagreeable  for  fast  traffic.  Dantzic  fir  he  considers  to 
be  durable,  but  attended  with  inconvenience  and  waste  in 
oonyerting  the  balks  into  ordinaiy-sized  paving  blocks. 
Elm  and  oak  unsuited  for  standing  the  atmospheric 
changes  to  which  street  surfaces  are  exposed.  Larch  in 
all  probability  taking  a  high  position  as  a  street  paving 
material,  both  on  account  of  its  hardness  and  durabilityi 
but  the  supply  too  limited  to  admit  of  its  extensive  em- 
ployment. American  spruce  is  neither  suitable  nor  durable. 
The  same  gentleman  obtained  numerous  specimens  of 
blocks  from  various  streets  in  London,  and  the  maximum 
depth  of  wood  in  these  blocks  was  found  in  the  spedonen 
of  pitch  pine  taken  from  King*s  Boad,  which  was  5f  inches 
after  four  and  a-half  years*  wear,  and  the  minimum  depth 
'  of  wood  in  the  specimen  taken  from  Oxford  street,  which 
waa  If  inch  after  six  years'  wear. 

According  to  Mr.  B.  W.  Bichards,^  of  Sydney,  the  best 
woods  for  paving  purposes  are  the  tallow  and  blaokbutt 
woods  of  New  South  Wales,  and  he  cousidors  that  although 
jarrah  and  kam  are  very  good  woods,  still  they  cannot 
compare  with  the  former.  The  blackbutt  that  has  been 
imported  into  England  was,  says  Mr.  Bichards,  the 
Victorian  variety,  which  is  totally  different  from  that  ol 
New  South  Wales,  uiid  has  prevented  the  due  appreciation 
of  the  wood.  The  same  authority  considers  tallow  wood 
to  be  the  best  wood  for  paving  purposes,  whilst  blue  gum 
is  a  yezy  good  wood,  and  capable  of  holding  its  own  with 
the  former,  blackbutt  and  red  gum  coming  next  in  oider 
of  superiority. 

Much  conflict  of  opinion  exists  as  to  whether  jarrah  or 
kam  is  the  most  durable  of  the  Australian  hard  woods^ 
and  proofs  tending  in  both  directions  are  not  wanting.  For 

•  Pi-oeeGdings  of  the  As90ci4tiwn  of  Municipal  a)ui  County  Mngineers^ 
vol.  xxii. 
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Snsteoice,  |atrah  wood  piles  26  inches  squaxe,  used  at  the 
Largs  Bay  pier,  were  found  on  examination  to  be  as  sound 
as  tho  day  tlioy  were  driven  thirty  years  ago.  Again, 
samples  of  karri  wood  cut  ham  a  fence  which  had  been 
undexgiound  for  twenfy-five  jearSi  were  likewise  found  to 
be  in  a  perfect  state  of  preservation,  whilst;  on  the  otiier 
hand,  a  specimen  of  jarrah  wood  similarly  situated  was 
seriously  decayed.  Turning  to  other  woods,  it  is  known 
that  tamarisk  and  Shittem  wood  used  in  connection  with 
the  stone  work  of  andent  Egyptian  temples  hare  been  found 
in  a  sound  condition  after  the  lapse  of  a  period  estimated 
at  upwards  of  4,000  years.  Tests  carried  out  with  small 
squares  of  various  woods  buried  one  inch  in  the  ground 
resulted  in  birch  and  aspen  decayingin  three  years ;  willow 
and  horse  chestnut  in  four  years ;  maple  and  red  beech  in 
five  years ;  elm,  ash,  hornbeam,  and  Lombardy  poplar  in 
seven  years ;  oak,  Scotch  fir,  Wejrmouth  pine,  and  silver  fir 
in  seven  years  were  found  to  be  decayed  to  a  depth  of  au 
inch  and  a-half ;  larch,  jumper  and  a^bor  vitee  were  found 
to  be  uninjured  after  seven  years* 

•  The  Australian  red  gum,  or  Eucalyptus  IcucoxyJon,  is  also  a 
wood  of  remarkable  hardness,  and  doubtless  is  one  that  is 
quite  equal  to  either  jarrah  or  karri  for  paving  purposes. 
The  lower  part  of  Begent  Street  has  been  paved  with 
blocks  of  this  material,  and  at  the  present  time  a  eon« 
siderable  area  of  the  streets  in  Hull  is  also  being  paved 
with  this  wood,  which  is  said  to  have  borne  the  tests  to 
which  it  has  been  subjected  in  a  most  satisfactory  manner. 
Another  wood>  however,  sometimes  confused  with  the  above 
is  the  sweet  gum,  or  Ztqutdamhar  tifraeiflma,  which  latter 
possesses  several  characteristics  rendering  it  most  unsuit- 
able for  paving  purposes. 

The  undoubted  value  of  the  Australian  hard  woods  for 
paving  streets  renders  the  forest  resources  of  that  countiy 
a  matter  of  considerable  interest.  Accolfding  to  a  report 
which  has  been  prepared  by  Mr.  Ednie  Brown,  the  Cun- 
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eervator  of  Forests  of  WeBtern  Australia,  upon  the  forest 
resources  of  that  colony,  it  appears  that  the  principaL 
trees  ooeapj  approziinately  the  foUowing  areasi  yUut 
jarrah,  Sfmlyptm  margwaUt  (induding  Uaekbutt  and  red 
gum),  8,000,000  acres;  karri,  Hueafyptm  diver&icolor, 
1,200,000  acres ;  tuart,  Eucalyptus  yomphocephaia,  200,000 
acres;  wandoo,  7,000,000  acres;  and  York  gum,  yate, 
sandalwood  and  janii  4,000,000  acres.  The  total  area  of 
the  principal  forest  surface  of  Western  Australia  is 
20,400,000  acres,  Trhich,  nllowliif^  for  the  inevitable  waste 
in  cutting  the  timber  to  suit  market  requirements,  Mr. 
Brown  estimates  as  being  capable  of  producing  62,000,000 
loads  of  round  matured  trees.  The  'fWest  Australian 
Year-Book"  for  1892-3,  by  Sir  Malcolm  A.  0.  Eraser, 
K.C.M.G.,  the  Eegistrar-General,  g^ves  the  respective  areas 
as — ^jairah,  14,000  square  miles ;  tuart,  10,000  sq^uare 
miles ;  and  karri,  2,300  square  miles* 

Oertain  natiTe  woods  in  the  Argentine  Bepublic  possess, 
as  has  been  already  mentioned,  qualities  rendering  them 
especially  suitable  for  use  for  paving  purposes,  these  woods 
are  those  known  in  that  country  as  the  quebracho,  algoT" 
ro^M,  umiii^y,  and  mrypa^^  and  as  the  beedh  of  Tierra  del 
Fuego.  According  to  the'resnlts  giTcn  by  a  very  complete 
and  careful  series  of  tests  carried  out  by  Jorge  Duclout* 
with  regard  to  the  density,  relative  duration,  microscopical 
structure,  and  the  bending  stresses  of  specimens  of  these 
woods,  curupay  was  found  to  be  the  most  durable,  being, 
in  fact,  twice  as  long-lived  as  either  fH$hraeho  or  urundaff. 
This  fact  was  deduced  by  a  comparison  of  portions  taken 
from  piles  in  the  jetties  at  Biachuelo,  which  were  built  in 
1874,  the  timber  being  consequentlyi  at  the  time  of  the 
tests,  about  twenty-four  years  old. 

For  street-paving  these  woods,  which  are  undoubtedly 
very  hard  and  durable,  are  said  by  some  to  be  superior  to 
jarrah,  and  they  are  largely  used  in  the  chief  cities  of 

•  UlngmkriOt  1888,  p.  177. 
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South  America  for  that  purpose,  where  thoir  use  is 
attended  with  exceUent  xeaulta.  The  present  oost  of  these 
woods,  howeyer^  renders  their  employment  for  paving  pro- 
liibitive  in  this  country.  Tliis  will  be  recognised  wlion  it 
is  mentioned  that  they  can  only  be  delivered  here  at 
£13  10s.  per  1,000,  to  which  all  charges  and  commissions 
haye  to  be  added,  whilst  Australiaa  hard*wood  blocks  can 
be  deliyered  at  the  spot  where  thej  are  to  be  laid  down^ 
und  inclusive  of  all  charges,  at  £10  per  1,000. 

£x€aoation  of  Mood  way  for  Foundation, — When  laying 
wood  payement  (as  with  all  other  types  of  paying),  the  first 
operaticm  in  the  ease  of  macadam  roads  is  the  ezcayation 
of  the  roadway  to  a  suitable  depth.  Various  means  haye 
been  snggested  from  time  to  time  for  expediting  this 
operation,  amongst  otiiers,  the  use  of  explosiye  mixtures; 
a  suggestion  which,  for  obvious  reasons,  has  ueyer  been 
put  into  practice.  The  method  usually  adoptad  is  to  driye 
steel  wedges — through  the  layer  of  consolidated  stones— 
at  a  few  feet  apart,  and  to  prize  up  tlie  pieces  of  the  road 
surface  thus  started  with  powerful  hand-levers  about 
.8  feet  long ;  these  masses  of  a  yard  or  so  square  being  then 
broken  up  or  disintegrated  by  means  of  picks.  In  this 
manner  about  U  inches  of  macadam  is  usually  removed, 
after  which  another  G  inches  or  so  is  excavated  for  founda- 
tion. When  the  wood  pavement  is  to  be  laid  in  situations 
where  flie  carriage-way  is  already  payed  with  granite  setts 
upon  a  concrete  foundation,  it  ifl|  frequently  unnecessaiy  to 
break  up  the  old  concrete  as,  by  the  addition  of  a  couple  of 
inches  or  so  of  new  concrete  and  floating  the  surface,  a 
suB^ciently  good  foundation  can  be  obtained. 

Lml  mtd  Conhur  of  Bead. — The  detexminalion  of  the 
level  and  contour  is  sometimes  a  matter  of  some  difficulty 
in  cases  where  the  width  of  the  street  is  irregular  and  the 
footpaths  on  either  side  are  of  considerably  varying  levels. 
When,  however,  the  inclination  of  the  roadway  in  a  longi- 
tadina}  direction  is  but  slight,  with  a  uniform  width,  and 

a 
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footpaths  almost  correspondiug 
in  level,  a  rule  devised  by  Mr. 

H.  Stajrtoa*  can  be  advan- 
tagaoudy  emgtojed,  m,,  First 
determine  the  level  of  the  crown 
or  vertex  of  tiie  carriage-way  to 
be  paved,  next  set  out  the  levels 
of  the  ohannelSy  by  allowing  a 
rise  to  the  (srown  equivalent  to 
1  inch,  in  3  feet  (aV)  above  the 
mean  channel  level.  By  slightly 
flattening  the  crown  as  shown 
in  Fig.  61,  it  will  be  observed 
that  a  contour  is  obtained  whioh 
not  only  renders  traffic  easy,  but 
is  o£  pleasing  appearancoi  and 
satisfactory  in  other  points. 
Pigs.  62  and  68  represent  re- 
spectively a  cross  section  at  49, 
81oane  Street,  and  at  18,  Great 
Geoi^  Street,  Westminster, 
which  were  given  by  Mr.  Oul- 
verwellf  as  being  typical  seo- 
liony,  and  very  carefully  taken. 
The  east  and  south  ends  respec- 
tively were  at  gullies,  wMlst  i^e 
west  and  north  ends  were 
midway  between  gullies,  both 
streets  being  level. 

Inelinaticn  of  Chanmh. — 
Whenever  practicable,  says  the 
same  authority,  the  longitudi- 
nal iuclinations  of  the  chan- 

*  Tiroeiedififfs  ofthtJmtitvtumofCml 
Siiguim'$t  1SS4,  vd.  Izxvii.,  p.  244, 
t  iM.,  vol.  IxzTui.^  p.  300« 
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nek  should  not  exceed  1  in  150,  and  it  is  desirable  that 
the  miuimum  depth  of  curb  exposed  at  the  summit  of  a 
channel  should  be  2^  inches,  with  a  maximum  depth  ol 
6^  inohes  at  a  guUy*  The  observance  of  this  rule  in  a 
tolerably  level  street  renders  the  proyision  of  street  gullies 
a  matter  of  considerable  importance,  but  the  extra  cost  of 
their  construction^  which  is  about  4  per  cent,  on  the  gross 
outlay,  will  be  amply  repaid  by  the  convenient  and  unifoxm 
appearance  of  the  carriage*way,  and  by  the  prompt  and 
effectual  removal  of  rain-water  from  (lie  surface  of  the 
pavement.  The  longitudinal  crown  level  should  be 
uniformly  sustained  from  street  to  street  whenever  prac- 
ticable! so  as  to  prevent  undulations,  and  it  is  likewise 
important  that  the  crown  should  be  extended  transversely 
at  all  the  intersections,  both  for  the  sake  of  appearance, 
and  also,  which  is  of  greater  importance,  to  obviate  the 
unpleasant  effect  of  driving  over  a  channel. 

Faundatum. — With  reference  to  the  necessary  founda- 
tion, Mr.  Stayton  considers  Portland  cement  concrete  to  be 
the  best,  as  if  properly  prejparedit  is  absolutely  impervious, 
and  experience  has  amply  demonstrated  that  a  sound, 
solid  foundation  is  essential  for  a  £rst-class  pavement. 
The  strength  of  the  concrete  actually  used  has  varied  from 
5  to  7  parts  of  Thames  ballast  to  1  part  of  Portland  cement, 
and  especial  care  should  be  taken  to  employ  only  the  best 
qualities  of  the  latter.  At  Chelsea  the  exact  proportions 
used  were  5^  of  ballast  to  1  of  cement,  and  the  ground 
having  been  carefully  bottomed  up,  regulated,  punned, 
and,  when  necessary,  watered,  smaU  ridges  of  concrete, 
which  are  technically  known  as  screeds,*'  were  formed  to 
the  required  level  and  contour.  The  ballast  and  cement 
for  the  concrete  was  next  measured  out  and  mixed  upon  a 
platform,  and  twice  turned  over  dry,  water  being  sub- 
sequently added  by  means  of  a  small  hose  attached  to  a 
standpipo.  Just  sufficient  water  was  used  to  obtain  a  fair 
consistency,  and  as  &oon  as  the  materials  were  well  in* 
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coTporated  the  concrete  was  either  wheeled  or  thrown  into 
place,  to  a  minimum  depth  of  6  inches.   To  obtain  a 

perfectly  smooth,  and  uuiform  surface,  the  concrete  was 
floated  and  ''ruled"  transversely  to  the  required  contour 
by  means  of  a  curved  rule,  and  in  four  or  Eve  dajs  it 
became  sofiiGiently  hard  and  ready  to  reeeiTe  the  wood 
blocks. 

The  method  of  laying  the  wood  hloclcs,  jointing,  and 
completing  employed  by  Mr.  Stayton  was  substantially 
similar  to  that  usually  now  employed,  except  as  regards 
the  width  of  the  joints  and  the  material  nsed  for  gionting, 
and  consisted  in  laying  the  blocks,  which  were  3  inches  by 
9  inches  by  6  inches,  upon  the  concrete  in  their  natural 
'state  with,  the  £bres  vertical,  and  with  intervening  spaces 
i-inch  wide,  which  were  filled  with  cement  grouting.  Two 
longitudinal  courses  of  blocks  were  laid  next  to  Uie  kerbs 
to  form  diannek,  and  the  filling  in  was  formed  of  straight 
courses  transversely,  the  ends  of  the  blocks  being  in 
contact.  At  tho  intersections  of  the  streets  the  courses 
were  laid  V-shape  (see  anUf  Fig.  60).  The  grouting  was 
composed  of  3  parts  of  Thames  sand  to  1  part  of  Portland 
cement,  the  materials  being  measured  in  boxes  and  mixed 
to  the  proper  consistency  in  a  hirge  movable  grout  truck, 
from  which  it  was  swept  out  on  to  the  surface  of  the 
woody  and  swept  backwards  and  forwards  until  every  joint 
was  properly  filled.  Before  allowing  yehicular  traffic  to 
pass  over  new  work,  it  is  considered  by  Mr.  Stayton  to  be 
desirable  to  "  top  dress "  the  surface  of  the  wood  with  a 
fine  gritty  material,  such  as  small  stones,  usually  in  London 
screened  Thames  ballast.  This  is  left  to  be  crushed  and 
ground  into  the  fibres  of  the  wood  by  the  traffic  until  it  has 
ceased  to  be  gritty.  All  traffic  i^ould,  if  possible,  be 
excluded  from  new  pavement  for  at  least  a  week. 

Superiority  of  Hard  Woods  for  Paving  Purposes. — Before 
concluding  this  chapter  and  proceeding  to  a  description  of 
some  of  the  yariouB  other  types  of  wood  paving  in  usOi  it 
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may  be  observed  that  experience  has  now  amply  demon- 
stfated  the  saperiority  of  haxd  woods  for  paying  purposefli, 
and  13io  fael  that  pavement  composed  of  soft-wood  blooks 

is  both  unsanitary  and  expensive,  and,  as  tlio  surveyor  for 
Lambeth  some  years  back  very  truly  remarked,  it  is  a 
wicked  waste  of  public  money  to  pave  a  line  of  heavy 
traffic  with  soft  wood*  There  can  be  no  doubt,  thesrefore, 
that  there  must  be  a  discontinuance  of  the  use  of  soft 
wood  for  paving  in  the  future,  except,  perhaps,  for  some 
streets  where  the  traihc  is  very  light  and  where  there  is 
partieulaxly  free  access  of  son  and  air,  and  even  in  such 
a  poffltion  tho  blocks  should  be  subjected  to  some  preserva- 
tive treatment  and  not  laid  in  their  natural  state.  By 
subjecting  the  bloclcs  to  creosoting  or  otlior  |)reservative 
process,  it  is  true  their  ability  to  resist  wear  cannot  bo 
appreciably  increasedi  but  the  blocks  can  be  rendered 
practically  non-absorbent  and  thus  protected  against  the 
effects  of  moisture,  and  the  life  of  the  pavement  thereby 
prolonged,  whilst  at  the  sanio  time  thero  is  also  the 
advantage  that  such  a  pavement  is  far  more  sanitary 
than  is  ttie  case  with  the  wood  in  its  natural  condition. 
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Oabist's  pavement,  already  desoribed,  pa^  17,  was  Hie 

first  durable  pavement  that  was  laid  in  the  City.  In  July, 
1841,  tliis  pavement,  of  pine  blocks,  was  laid  in  Mincing 
Lane,  and  in  October  and  Norember,  1842,  it  was  laid 
in  Gracechurch  Street,  coyering  an  area  of  1,623  square 
yards.  The  blocks  were  from  6^  to  7 J-  inches  wide,  13  to 
15  inches  long,  9  inches  deoj)  for  Mincing  Lane,  and 
8  inches  deep  for  Gracechurch  Street.  The  foundation 
consisted  of  a  layer  of  Thames  ballast. 

The  cost  for  the  wood  pavement  of  Gracechurch  Street, 
including  a  foundation  of  balla&t,  but  not  excavation,  was 
14«.  2d.  per  square  yard.  In  1844,  two  years  after  the 
j)avement  was  laid,  it  was  "much  worn,"  and  there  were 
*'  several  short  holes  in  various  places."  It  had  been  for 
a  considerable  time  in  a  bad  oondiUon,  when  it  was  relaid 
in  September,  1847,  five  years  after  it  was  laid ;  and  a 
portion  was  relaid  a  second  time  in  1850,  whilst  ordinary 
repairs  were  made  when  required.  In  1853,  the  paving 
was  worn  out,  having  been  down  11  years,  and  it  was  re- 
placed with  new  paving  of  the  same  kind,  at  a  cost  of 
12s.  8^^.  per  sq^uare  yard.  The  second  pavement  was  relaid 
in  1857,  four  years  after  it  was  laid,  and  again  in  1861 ;  and 
in  Jime,  186d,  it  was  removed,  having  been  down  for 
11  years  and  7  months.  The  costs  of  laying  and  main- 
taining the  two  successive  pavements  were  as  follows  • — 
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Table  No.  ZU^Cm  of  Iio2iiiOK:~Ob8T  ov  Oabet*8  Wood  Patb- 
XBNT  IK  Gbacbchvech  Stbxst,  1842  to  1865. 


Gotta. 


Km*  cost,  including"] 
a    foundation     of  > 
ballast    .       .  .J 

Kelays  and  repain 

Total  ozpenditure 
Deduct  value  aa  old ) 
material  •     •     •  / 

Net  total  cuat     •  . 

Add,  ooet  for  gvayeUmg 


IstPayem^t; 
dosatioii  11  yMti. 

I 

2nd  Pavement;  | 
dmcsUoairtfyean. 

1 

BothPnve- 
ments ; 
duration 

S2i^  fnn. 

per  square 

^caauc 

per 
square 

year. 

por  square 

per 
square 
varduer 

year. 

per  square 

]  yjud  per 
1  year. 

8.  d. 

8.  d.  1 

d. 

8.  d. 

8.  d. 

14  2 

1 

12  8 

1  1 

1  2i 

4  0 

0  4i 

17  li 

1  6i 

0  Hi 

18  2 

1  8 

29  9} 

2  6f 

2  li 

1  0 

0  1 

1  0 

0  1 

0  I 

17  2 

1  7 
• . 

28  9i 
•  • 

2  6} 
•  * 

2  01 
0  l| 

Total  cost  of  the  pavement  for  22  6  years,  1842-65 


2  2 


The  foregoing  statement  exhibits  the  cost  for  two  com- 
pletely new  woodpavemeiits  laid  and  worn  out  iu  Gracechuxch 
Street.  They  were  succeeded  by  a  third  new  payement, 
on  the  same  system,  coiBting  lU.  BS,  per  square  yard,  laid 
in  1865.  This  was  taken  np,  half  woru,  in  1871,  having 
been  laid  down  6  years ;  and  replaced  by  asphalte.  The 
coat  for  maintenance  during  that  time  was  68*  lid*  per 
square  yard,  or  1$,  l^d,  per  square  yard  per  year.  The 
cost  for  maintenance  appears  to  have  been  a  very  variable 
item  of  expenditure.  The  costs  for  the  three  successiyo 
pavements  are  Iiere  brought  together  for  comparison 

IHiratioa* 


Cabby's  Wood  Pavemeht. 
Oracechurch  Street. 


1ft  pavemGnt 
Sod  ditto  • 
Sid  ditto  • 

Totala  . 


• 


yestia 

11 
11-6 
6 

28-6 


Cost  for  main- 
tenance per  aquare 
yard  per  year* 

a.  d. 
0  4i 

0  Uf 
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The  fluctuations  of  cost  may  not  be  readily  accounted 
for ;  but  it  is  dear  that  the  generally  increased  traffic  was 

one  cause  of  the  greater  expenditure  on  the  second  and 
third  pavemonts.  The  general  total  cost  for  maintenance 
may  be  taken  at  U,  per  square  yard  per  year. 

Oarey's  payement  was  laid  in  Mincing  Lane  in  July, 
1841,  and  was  taken  up  and  replaced  by  pavement  of  the  same 
kind,  9  inches  deep,  in  August,  1860,  having  been  down  19 
years  and  1  month.  This  wais  the  oldest  wood  payement  then 
in  existence  in  the  Metrox>oli8.  Daring  that  period  it  was 
turned  and  relaid,  and  again  relaid,  the  tops  of  the  blocks 
haying  been  cut  off;  and  it  was  at  other  times  exten- 
siyely  repaired.  There  is  no  other  instance  in  this 
country  of  so  long  a  duration  in  a  wood  pavement  in  a 
public  tliorouglifare.  The  second  pavement,  thougli  not 
worn  out,  was  taken  up  in  August,  1873,  to  be  replaced 
by  asphalte.  The  following  table,  No.  32,  shows  the  first 
costs  and  the  costs  for  maintenance  of  Oarey's  wood 
pavement  in  Mincing  Lane 


Table  ^o,  32. — City  of  London: — Carby's  "Wood  Pavement  i.n 

Mincing  Lane,  1841—1873. 


» 

* 

1 

Ooils. 

Ist  Pavement  J 
dnzalion  191  yMii. 

2nd  Pavement : 
dimtioii  18  ywM. 

1 

BolliPave- 
ments ; 

',  duration 
^82- 1  years. 

per  square 
yard. 

per  aguare 
yarcTper 
year. 

per  sqnare 
yard. 

per  square 
yvtdper 
jear. 

.per  Bqimrt 
ywdper 
your. 

First  cost  . 
Relays  and  repairs 

Total  exponditnre 

Deduct  value  as ) 
old  material  . ) 

Net  total  cost 

8.  d. 

U  4 
13  4 

8.  d. 

0  9 
0  8-4 

a.  d. 

9  2 
22  Gi 

8.  a 

0  sh 

1  8J  1 

■.  d. 

0  8f 

1  4 

27  8 
1  0 

1  5-4 
0  0-6 

i 

31  8} 
1  0 

2  6| 
0  1 

1  lOi 
0  Of 

26  8 

1  4| 

30  8| 

2  4} 

1  Oij 
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In  Mincing  Lane,  as  in  Giacechuich  Stxeot|  the  coat 
for  maintenance  of  the  aeoond  pavement  was  much  greater 
than  that  of  the  first  parement,  and  for  the  same  reason ; 

thus 


Caaey's  Wood  Patfmb:!^.  Duration*  Cost  Cor  main* 

Mincing  Lane.  ^""^^^^ 

B*  a* 

lit  payement      «        «        «      19*1  0  8*4 

2ndclitto  .        .        «        .      IS  1  8| 

Totals  •        ,        i        .      82*1  1  1| 


The  two  series  of  Carey-pavements,  in  Gracechurch 
Street  and  Mincing  Lane,  have  supplied  yaluablo  cxpe< 
rience  of  wood  paving,  and  they  have,  therefore,  been 
treated  here  somewhat  in  detail.   The  following  table, 

No.  33,  is  given  by  Colonel  Haywood,  comprising  tlio 
general  results  of  the  duration  and  cost  of  Carey's  pave- 
ments in  the  City  :— 


Table  No.  33. — Carey's  Wood  pAvrMExxs  in  tub  City  op  Lokdok, 

CON818TINQ  OF  LahOB  BlOCKS      DURATION  AND  C08T. 


Btbrkt* 

Date  when 
laid  new* 

Duration. 

1 

First  cost 
per  square 
yai-d. 

Cost  for 
repairs 

per  tiqvuarc 
yard. 

Total 
average 
cost  1  cr 

yard  pc^* 
year. 

LaIOB  TBAFflC. 

ComhiU,      .  1 

May,  1855 
July,  1866 

Yrn.  Mon. 
10  2 
6  8 

B.  d. 
12  2 
11  6 

8.  d. 

17  a 

8  9} 

B.  d. 
2  11 
8  OJ 

Grac  e  church  ) 
btrcot .  ) 

Nov.  1853 
June,  1865 

11  7 
6  0 

12  8 
11  6 

17  U 
6  11 

2  6} 

3  0| 

Lombard  \ 
Stieet.     .  j 

]\ray,  1851 
Sc;p,  1860 

9  4 
10  7 

9  6 

1  9  » 

6  0 
20  2 

1  7i 

2  9 
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Xaislb  No.  Z^-^niinued. 


BruRETS. 

Date  when 
laidnev- 

Duration. 

First  cost 
per  square 

Coat  for 

repairs 
per  tjcjuare 
yanl. 

Mai 

nvcraiTe 
coal  per 
sqware 
yuru  per 
year. 

Small  Tbaffio. 
liOthbuiy      .  1 

May,  1854 
Aug.  1866 

Yrs.  JIou. 
12  3 
6  1 

8.  d. 
12  6 
12  6 

8.  d. 
28  4} 
3  6| 

8.  d. 
3  4 
2  7i 

Hmdng  Lane  ^ 

July,  1841 
Aug.  1860 

19  1 
13  0 

14  4 

9  2 

U  4 
22  6J 

1  51 

2  ol 

Bartholomew  1 
Lane  .  •/ 

May,  1854 
Aug.  1866 

■ 

12  3 
5  5 

12  C 
12  6 

17  5} 
3  ll| 

2  6i 

3  O] 

Cost  for  Fouiifbtions  included,  but  HO  JEUcavatioii.  No  deduction 
is  made  for  the  value  of  old  materiaL 


All  the  second  wood  pavements  referred  to  in  this  table 
were  removed  before  they  were  worn  out,  and  replaced 
with  asphalte,  except  the  last.  Nearly  all  of  them  would, 
by  relay,  with  the  insertion  of  some  new  wood,  have  en- 
dured a  few  years  longer.  Taking  all  the  pavements 
together,  the  following  averages  are  deduced : — 

Duration  of        Total  cost 
Averages  for  nftvementa.      per  square  yard 

Oamfumtmmi,  Teaxa*  per  year. 

Streets  of  large  traffic   •      •      .    9*05  2a.  7^ 

Streets  ol  small  truffic   •      •      •  11*33  28.  i^d. 

Total  avoiagea .      .      .  10*19  2b.  6d. 

It  may  be  added  that  Carey's  paving  in  Bartholomew 
liane  has  recently  (February,  1877)  been  extensively  re- 
newed. It  was  newly  laid  in  August,  18G6,  and  tlio 
original  paving,  in  its  entii*ety,  has  thus  lasted  10^  years. 

As  just  now  mentioned,  Carey's  recent  wood  pavement  , 
consists  of  wood  blocks,  4  inches  wide,  and  5  inches  or 
6  inches  deep,  aecuidiug  to  the  trallic  oi'  tlie  btieet,  and 
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9  inches  long.   The  ends  only  of  the  blocks  are  formed 

on  Mr.  Carey^s  original  model,  Fig.  11,  with  douLle- 
bevelled  surfaces,  salient  and  re-entering  to  the  extent 
of  6-16  or  i  inchy  which  come  together  for  the  purpose 
of  preventing  the  shifting  of  the  blocks,  and  of  distribute 
ing  the  pressure  on  one  block  over  the  contiguous  blocks. 
The  paving  is  placed  on  a  Led  of  ballast  or  sand.  2  inches 
deep,  laid  on  the  old  bed  of  the  street ;  and  the  joints, 
f  inch  wide,  are  grouted  with  lime  and  sand.  It  is 
needless  to  remark  that  this  pavement  can  only  endure 
when  it  is  laid  on  a  previously  existing  foundation ;  other- 
Wise,  if  laid  with  2  inches  of  sand  on  a  loose  azcavated 
bottom,  it  cannot  bo  durabl«i 
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This  paTomeiit  was  introdiieed  from  ike  United  Statee, 
where  it  has  been  known  as  the  Nioolson  payement.  It 

Jias  already  been  noticod,  page  14.  The  first  piece  was 
laid,  in  187 1,  in  the  Oitjof  London;  but  the  practice  of 
the  pxopiietors  of  this  parement  has,  since  that  time^  been 
considerably  modified.  Their  practice  has  been,  after 
excavating  to  tbo  profile  and  section  of  the  street,  to  lay  a 
bed  of  sandy  fine  mortar  stuff,  or  dry  earth,  4  inches  deep, 
on  the  bottom.  On  this  bed,  two  layers  of  1-inoh  deal 
boards,  previously  dipped  in  boiling  tar,  were  c9lose4aid 
transversely  and  longitudinally.  On  these  boards,  wood 
blocks,  3  inches  wide,  6  inches  deep,  and  9  inches  long, 
alao  dipped  in  tar,  were  placed  in  transverse  conrses^  the 
heading  joints  abutting,  whilst  the  courses  were  inter* 
spaced  by  -^-inch  fillets  of  wood  nailed  tu  the  floor,  and 
through  the  blocks.  The  |-inch  joints  were  made  tight 
by  a  boiling  mixture  of  tar  and  pitch  poured  into  the 
spaces  to  a  depth  of  an  inch  or  two.  The  spaces  were 
then  hlled  up  with  dry  ballast,  wliicli  was  rammed  down 
by  means  of  a  fiat  caulking  iron  made  for  the  purpose ; 
and  filled  up  with  the  tar  mixture.  The  surface  was 
then  strewed  lightly  with  small  gravel,  over  which  boil- 
ing tar  was  scattered  from  a  pail  fitted  with  a  fiat- 
nozaded  spout,  f  inally  a  sprinkling  of  sand  was  thrown 
over  the  surfiEuse.  The  gravel  cmd  tar  coating  was  worked 
into  the  surface  by  the  wkeek  of  traffic   Spaces,  i  inch 
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wide^  were  left  between  the  heads  of  the  blocks  in  each 
couFBo,  and  grouted. 

The  tar  and  pitch  mixture;  in  the  proportion  of  30 
gallons  of  tar  and  4  cwt.  of  pitchy  were  boiled  together 

in  an  iron  kettle,  for  at  least  four  hours,  until  they  ae- 
quii-ed  such  a  consistency  that,  when  cold,  the  compound 
i^onld  beoome  elastic  and  tough.  ^When  not  sufficiently 
boiled,  the  mixture  beoame  brittle  when  it  cooled,  and 
was  broken  up  by  wheels  and  feet.  The  object  of  the 
elastic  binding  was  ,to  form  a  surface  which  should  con- 
tinue water-tight,  as  had  long  been  effected  by  the  same 
means  in  the  granite  pavements  of  Manchester. 

The  principal  advantage  claimed  for  tliis  system  was, 
that  the  flooring  of  planks  formed  an  elastic  foundation, 
and  distributed  the  weight  applied  on  one  block  over  a 
large  surface,  whilst  the  additional  elastic  action  mini- 
mised the  wear  of  tho  blocks.  Tliero  was  an  iucoLisis- 
tency  in  the  principle  of  the  construction,  for  it  was 
presumed  that  the  bed  of  sand  would  solidly  support  the 
flooring,  at  the  same  time  that  the  flooring  was  expected  to 
yield  elastically  under  pressure.  Again,  so  soon  as  leak- 
ago,  even  to  the  slightest  extent,  commenced,  by  which 
surface-water  was  allowed  to  penetrate  downwards  be- 
tween the  paving  blocks,  there  was  nothing  to  prevent  its 
reacliiug  to  and  saturating  the  substratum  of  sand;  since 
tho  b(»ards,  altliougli  eloso-laid,  were  not  tongued,  and  tho 
water  could  pass  through  them  with  comparative  freedom. 
The  saturated  substratum  became  mobile,  and  subject  to 
movement  under  variations  of  ]>ressuro.  Consequently, 
when  a  load  passed  over  tho  surface,  tho  boards,  opposing 
an  inconsiderable  resistance  to  deflection,  were  pressed 
downwards  by  the  load,  into  tho  quicksand,  and  they  re- 
covered their  normal  position  when  tho  load  passed  away. 
In  this  manner,  a  pumping  action  was  set  uj),  and  the  sand 
and  wateri  mixed  with  other  loose  matter  at  the  bottom^ 
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was  pumped  up  to  the  surface  in  the  form  of  mud  aud 
dime.  Thus  the  pavement  became  gradually  undennined, 
and  the  tmdermming  process  was  accelerated  by  the  form 
of  tho  pavement  itself,  which  presented  a  continuous  dia- 
phragm under  which  the  exhausting  process  was  extended, 
as  by  a  diaphragm-pnmp.  It  is  scarcely  necessaiy  to  add, 
that  the  wetter  the  weatiieri  the  greater  was  the  action  of 
undermining. 

But,  in  addition  to  the  general  liability  to  leakage  of 
water  through  the  pavement,  there  is  a  special  difficulty 

in  keeping  it  watertight  at  the  kerbs,  whore  it  is  compara- 
tively overhung  and  unsupported,  and  where  there  is,  at 
the  same  time,  a  constant  supply  of  water  for  penetrationi 
so  long  as  there  is  any  water  in  the  diannels. 

A  serious  consequence  of  the  flexibility  of  tho  pavement 
is  tho  numerous  breakages  of  the  blocks  by  splitting,  caused 
by  the  unequal  stress  and  leverage  of  the  load  on  blocks 
which  are  supported  by  a  floor  paitly  non-resisting  and 
partly  resisting. 

A  small  sample  of  the  Improved  Wood  Pavement,  468 
square  yards,  was  laid  in  Bartholomew  Lane,  in  the  City 
of  London,  in  December,  1871.  This  is  a  short  street  of 
very  little  and  liglit  traffic.  Thib  pavement,  which  as  uis  the 
first  of  its  kind  laid  in  London,  continues  now  (1B77)  in 
fair  condition,  but  many  of  the  joints  are  open. 

The  enduring  power  of  tho  pavement  lias  nlso  boon 
tested  in  thoruughfares  of  heavy  trafTic.  In  August,  187'J, 
and  January,  187i5,  an  area  of  TiOGG  6(][uare  yards  was  laid, 
with  4-inch  blockSf  in  King  William  Street  and  Adelaide 
Place,  on  the  approach  to  London  Bridge,  from  the  Statue. 
In  tlio  TDurso  of  the  followinf*"  three  years,  the  foundation 
was  rather  extensively  undermined,  by  tlio  causes  whicli 
have  already  been  describedi — ^particularly  near  the  kerb 
on  one  side ; — so  much  so  as  to  cause  the  payement  to  be 
^efleoted  in  many  places  to  tho  extent  of  an  inch  under 
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the  wheels  of  paasing  yehidesi  whilst  the  mud  was  Men 

bubbling  up  from  below.  The  pavement  was  lifted  about 
tlio  month  of  January,  1876;  and  it  was  found  that  the 
substratum  of  sand  had  been  partially  washed  away,  and 
that,  in  the  lines  of  regular  trafflo,  the  blocks  had  lost 
about  f  inch  in  height,  on  an  a  verage,  by  vertical  wear. 
The  pavement  was  renewed  on  the  same  system. 

The  Improved  Wood  Pavement  which  was  laid^  in 
November,  1874,  in  Bishopsgate  Street  Without^  in  the  Cily 
of  London,  is  a  more  recent  instance  of  the  undermining 
iuiiuences  set  up  under  the  action  of  heavy  traihc,  brought 
to  a  head  during  the  past  winter  (1S76-77X  which  has 
been  a  season  of  unusually  heavy  and  continuous  rain. 
The  pavement,  though  it  had  not  (in  February,  1877)  been 
down  2j  years,  had  already  been  extensively  undenuiued, 
and  it  was  observed  to  be  subject  to  deflection  to  the 
extent  of  half  an  inch,  at  some  places,  under  passing 
wheels.  At  the  same  time,  the  collateral  symptom  of  mud 
working  up  through  the  joints,  became  manifest. 

The  obvious  remedy  for  the  pumping  action  through  the 
pavement  is  to  lay  a  rigid  foundation  under  the  pave- 
ment. The  flooring,  to  be  stiff  enough,  would  require  to 
be  constructed  of  two  layers  of  3 -inch  battens.  But  a 
less  costly  method  of  providing  rigidity  was  adopted  in 
the  construction  of  the  new  pavement  laid  to  replace 
the  defective  pavement  above  referred  to,  which  has 
been  taken  up.  There  is  a  thin  bed  of  concrete,  upon 
which  a  oinglo  layer  of  1-inch  boards  is  laid,  and  the 
blocks,  3  J  inches  wide,  are  laid,  as  before,  upon  the  board- 
ing. The  joints  between  the  eoiarses  of  the  blocks  are 
only  A  inch  wide ;  they  are  filled  for  half  the  depth  with 
an  artificial  asphalte,  consisting  of  chalk,  pitch,  and  coal- 
tar,  boiled  together,  and  are  filled  to  the  top  with  a  giout 
iug  of  gravel  and  blue  lias  lime.  It  may  be  added  that,  for 
a  width  of  18  inches  at  each  uhlo  of  the  roadway,  at  the 
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channolsy  tho  boards  aro  not  laid,  but  their  placo  is  occu- 
pied by  aa  additional  depth,  of  eoacretei  to  afford  a  rigid 
support,  so  as  to  resist  deflection^  and  the  entrance  of 
water  at  the  edges. 

The  carriage-way  of  Ludgate  Hill  was  x^^ved  on  the 
original  system  of  the  Improved  Wood  Company  in 
November,  1878.  The  pavement  has  been  worn  into 
biiijips  and  hollows,  and  is  about  to  be  entirely  rcuewcd. 
It  has  been  proposed  to  renew  the  pavement  by  layiug 
Ihe  wood  blocks  on  a  foundation  of  concrete  6  inches  thick, 
with  a  2-incih  bed  of  sand  intervening^. 
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CHAPTER  XV. 
HABD-WOOD  PAVEMENTS. 

8w  of  Bloek»,—^ThB  size  of  hard-wood  paying  blocks  as 

now  commonly  used  is  fuudamcnUilly  based  upon  ilie 
dimension  of  the  ordinary  brick  used  for  building  purposes, 
viz.,  9  inclies  by  3  inches  by  4^  inches.  This,  it  will  be 
seen,  is  an  integer  of  roadways,  whether  laid  transrersely 
or  across  the  roadway,  or  longitudinally  as  in  channels, 
fitting  equally  well  in  either  its  length  or  breadth.  The 
extra  depth  given  to  the  soft  deal  bio  civ  s  is  for  the  purpose 
of  making  up  for  the  severity  of  wear  of  the  latter  as  com- 
pared with  hard-wood  blocks.  The  depth  of  hard-wood 
blocks  is  frequently  increased  by  half  an  inch  and  made 
9  inches  by  3  inches  by  5  inches.  This  extra  half  inch 
does  not  add  to  the  eApoii  se  of  cutting,  whilst  it  is  estimated 
in  the  case  of  jarrah  blocks,  for  instance,  to  add  some  four 
years  to  tbo  life  of  the  block.  No  doubt  it  is  true  that 
with  a  block  of  4  inches  depth  20  per  cent,  of  material  is 
saved,  but  this  saving  is,  it  will  be  seen,  according  to  the 
above,  secured  at  the  expense  of  eight  yniLTa  off  the  life  of 
tiie  road,  and  wiU  thus  add  correspondingly  to  the  fre- 
quency of  renewal,  whilst  the  cost  of  laying  blocks 
4^^  inches  depth  is  absolutely  the  same  as  it  is  for  laying 
those  5  inches  depth.  The  result  is  that,  with  the  former 
2  inches  of  residual  old  material  i^  tiuowxi  uway  at  the 
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tenxunation  of  16  ycars>  instead  of  at  the  end  of  24  years 

with  tlio  latter. 

Jointing, — ^As  regards  tlie  jointing,  the  closer  this  is  made 
the  more  even  will  be  the  surface  of  the  pavement,  and  as 
a  nataral  consequence  the  easier  it  will  be  to  maintain  pro- 
perly cleansed  and  in  a  fit  sanitary  condition.  If  the 
blocks  are  evenly  and  truly  cut  and  laid,  with  close  joints, 
a  pavement  can  be  formed  which  it  is  claimed  will  be 
almost  imperrioas,  whilst  at  the  same  time  much  of  the 
danger  to  horses  which  asphalte  payement  presents  is 
avoided.  The  best  practice  for  oomparatiYely  level  streets 
is,  perhaps,  very  close  jointing  with  a  composition  of  pitch 
and  creosote  oil.  In  some  cases,  however,  actual  butt- 
jointing  of  the  natural  wood  has  been  adopted  with  great 
success. 

Some  interesting  particulars  are  given  by  Mr.  Walter 
Alexander  J^niith,  M.I.C.E.,*  in  a  paper  read  boforo  tlio 
Institution  of  Civil  Engineers,  concerning  hard-wood 
paving  laid  down  by  the  Government  in  Sydney  under  his 
supervision. 

The  work  in  question  was  carried  out  in  two  new  streets, 
viz.,  Martin  Place  and  Quoen  Street,  and,  as  tlie  roadway 
in  the  former  place  is  almost  level,  it  was  decided  to  adopt 
the  dose-joint  system.  The  following  is  Mr.  Smith's 
description  of  the  plan  adopted :  The  roadway  is  100  feet 
wide,  giving  64  feet  for  vehicular  traffic,  with  two  footways 
of  18  feet  in  width  each.  It  id  cunstructed  on  made  ground 
supported  on  the  north  side  by  a  brick  retaining-wall 
18  feet  high.  The  space  between  this  wall  and  the 
building-frontage  will  be  divided  by  the  erection  of 
another  wall  to  be  built  parallel  to  the  retaining  wall  and 
about  4  feet  distant  from  it.  The  space  between  the  two 
walls  is  to  be  utilized  iu  the  laying  of  cables,  water  and 

*  J*iroee9iing%  of  the  XntiituUm  of  Ci/vU  JBngimtn,  13S3-4,  voL  exvi., 
p.  263. 
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gas^mainSi  &o,,  whUe  the  remaiiuQg  13  feet  id  to  be  so 
arranged  a«  to  give  light  and  access  to  the  basements  of 
houses  yet  to  be  built. 

Foundation. — ^As  a  foundation  for  the  pavement,  concrete 
was  laid  9  inches  thick,  composed  of  5  parts  of  2 1 -inch 
basalt^  2  ports  of  clean  sharp  sand^  and  1  part  of  cement. 
The  top  was  then  floated  over  with  a  i-inch  rendering, 
composed  of  3  parts  of  sand  to  1  part  of  cement,  and  the 
entire  width  was  finished  at  a  convexity  of  3  inches.  On 
the  surface  thus  prepared,  paving  blocks  were  laid,  after 
having  been  dipped  twice  in  boiling  tar,  and  stacked  for 
two  days  to  allow  the  surplus  tar  to  drain  o&.  The  timber 
used  was  tallow  wood  {Eucalyptm  mierocorys)  and  red 
mahogany  {Eucalyptus  resinifera).  The  surface  was  then 
tarred  and  aanded,  and  before  the  traffic  was  turned  on  to 
the  roady  a  thin  coating  of  basalt  screenings  from  the  stone- 
crusher  was  spread  over  it,  affording  an  excellent  foot-hold 
for  horses.  The  curb-stones  were  12-inch  by  16-inch  blocks 
of  trachyte,  while  between  the  curbs  and  the  gutter- courses 
on  each  side,  1-inch  and  J-inch  expansion  joints  were  left 
and  fiUed  with  '  mastic* 

Queen  Street  traverses  land  recently  resumed  by  the 
Government  under  the  Tramway  Extension  Act  of  1880. 
Its  construction  necessitated  the  removal  of  a  large  amount 
of  rubbish  and  of  buildings,  the  latter  including  tho 
Oriental  Hotel.  It  is  built  on  gradients  of  1  in  22,  and 
1  in  24,  and  has  a  total  width  of  130  feet  divided  into 
a  road  of  100  feet  with  two  footways  of  15  feet  each.  The 
concrete  foundation,  curbs  and  expansion-joints  were  con- 
structed from  a  specification  similar  to  that  under  which 
Martin  Place  was  laid.  The  blocks,  which  consisted  of 
turpentine  {Synearpia  huri/olM),  red  mahogany^  blackbutt 
{Eucalyptus pihtlaris),  and  tallow  wood,  were  also  treated  in 
a  similar  manner  before  being  laid ;  but  owing  to  the  steep- 
ness of  the  gradients,  a  ^-inch  batten  joint  was  adopted 
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between  the  courses,  ia  order  to  a^ord  a  better  foot-hold 
for  horses.  It  is  worthy  of  mention  that  while  the  aboTO- 
mentioned  contracts  were  being  oarried  out,  it  was  necessary 

to  remove  some  of  tbe  old  blocks  from  adjoining  streets  in 
order  to  make  proper  junctions  with  the  new  works;  and, 
in  doing  so,  it  was  observed  that  the  effect  of  a  cement 
joint  on  the  timber  was  most  injurious,  while  a  bitu- 
minous joint  acted  as  a  preservative.  Two  oases  met  with 
are  deserving  of  special  attention : — 

*^  (a)  At  one  end  of  Queen  Street  it  was  necessary  to 
remove  a  considerable  area  of  pavement  which  had  been 
laid  six  years,  in  which  a  cement  joint  had  been  adopted, 
the  width  of  joint  being  maintained  by  iron  studs  pro- 
jecting |-inch  from  the  face  of  the  blocks ;  hero  it  was 
found  that  dry-rot  had  set  in  wherever  the  wood  had  been 
in  contact  with  the  cement.  Different  kinds  of  timber  had 
been  used,  but  every  block  was  more  or  less  affected.  On 
tliis  being  observed,  other  portions  of  the  pavement  which 
had  been  similarly  conRti  u<  ted  were  examined,  but  all  wore 
found  to  be  in  the  same  state.  A  microscopical  examina- 
tion of  the  timber  thus  affected  showed  no  signs  of  fungoid 
growth.  It  is  therefore  assumed  that  the  dry-rot  was  a 
deeompositioii  of  the  timber  brought  about  by  chemical 
action — such  as  combination  of  the  oxygen  in  the  cement 
with  the  carbon  in  the  wood,  forming  carbonic  acid  gas. 

{h)  At  the  other  end  of  Queen  Street^  where  blocks  were 
removed  which  had  been  laid  eight  years,  in  which  the 
juiiit8  had  been  caulked  with  a  mixture  of  tar,  pitch,  and 
basalt-screenings,  the  timber  was  found  to  bo  in  a  perfect 
state  of  preservation ;  and  although  the  road  had  sustained 
a  daily  traffic  of  approximately  25,000  tons  for  eight  years, 
it  was  in  almost  as  good  a  state  as  when  first  lidd.  The 
blocks,  which  were  originally  6  inches  deep,  made  a  perfect 
junction  with  the  new  ^-inch  blocks,  the  greatest  wear 
observable  in  the  old  blocks  after  eight  years'  service  being 
tV^inoh." 


Digitized  by 


UARD*WOOI>  PAVBMENTGU 


On  the  T\  hole  there  does  not  seem  to  be  very  much  to 
choose  between  jarrah-wood  and  karri- wood ;  Mr.  Ednie 
Brown,  howeyer,  is  of  the  opinion  that  the  latter  timber  is 
equal,  if  not  better,  than  the  f omer,  in  that  its  surface 
does  not  become  so  slippery  to  the  horses'  feet,  and  in  this 
he  is  confirmed  by  the  experience  of  the  consul  tin  on<:^ineer 
to  the  West  Australian  Government,  who  reports  that  for 
many  uses  karri  is  superior  to  jarrah  icat  wood  paving* 
blocks,  owing  to  its  not  wearing  to  so  polished  a  surface  as 

jarrak  is  likely  to  do.  Karri  trees  grow  to  a  considoniblo 
size,  the  average  trees  being  about  200  feet  iix  height  by 
about  4  feet  in  diameter  at  a  height  of  some  3  or  4  feet  from 
the  groimd,  the  bole  being  free  from  branches  for  a  height 
of  from  130  to  150  feet.  In  its  nature  the  wood  is  hard, 
heavy  (Mr.  Norrington  found  during  the  course  of  some 
experiments  which  he  carried  out  that  karri  sinks  in  water), 
and  owing  to  the  grain  being  interlaced,  it  possesses  great 
elasticity  and  toughness,  and  is  of  enormous  strength,  as 
will  be  seen  from  the  following  table,  which  has  been 
drawn  up  by  Air.  J.  P.  Norrington*: — 
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•189 
•066 
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ijDi  1 
3,231 

3-406  9 

3-172  — 

1 

*  See  Froee$dings  of  th$  Ameiaiion  of  Municipal  and  ComUf 
Sugtmtn^  voL  xiz,,  p.  46* 
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There  can  be  no  doubt  as  to  tlie  advantages  derived  from 
tho  use  of  suitable  kard  woods  for  paving  purposes  as 
compared  with  soft  woods,  especially  on  roads  carrying 
V6iy  hea^  traffic,  and  on  this  head  Mr.  Smith,  from 
whose  paper  on  AttHrdian  Sard  Wood  for  Favments  we 
have  already  largely  quoted,  referring  to  the  use  of  soft 
woods,  says*:  "During  a  period  of  twenty-one  years 
(which  may  be  taken  as  the  minimum  life  of  Australian 
bloGks)  the  surface  of  the  road  has  to  be  renewed  three 
tunes;  and,  for  about  eighteen  montiis  previous  to  each 
renewal,  the  smooth  and  regular  Burfaco  of  tlie  road  is 
practically  destroyed,  as  tho  blocks  have  probably  wora 
down  in  some  cases  as  much  as  2^  inches.  Travelling 
over  such  a  road  is  noisy  and  unpleasant,  in  addition  to 
which  the  wear-and-tear  of  vehicles  and  horseflesh  is 
increased.  But  aftor  a  road  of  liard-wood  blocks  is  once 
laid  on  a  good  foundation  with  close  joints,  none  of  these 
inconveniences  are  experienced.  In  Sydney  there  are 
blocks  which  have  been  laid  thirteen  years  in  one  of  the 
busiest  streets  of  the  city,  which  are  to-day  in  a  perfect 
state  of  preservation,  Iiaving  only  worn  down  i^-inch ;  and, 
judging  from  their  present  condition,  there  appears  to  be 
no  reason  why  these  blocks  should  not  do  good  service  for 
another  ten  years.  Unfortunately,  much  of  the  pavement 
laid  previous  to  1883  had  a  foundation  of  only  6  inches  of 
concrete,  with  1-inch  joints  between  the  courses;  and  this 
has  resulted  in  the  foundations  giving  way,  and  the  smooth 
surface  of  the  pavement  being  desl;royed*  Nevertheless, 
timber  blocks  in  these  older  streets,  although  worn  down 
unevenly,  and  much  distorted  owing  to  the  yielding  of  the 
foundations,  are,  in  every  case  which  has  come  under  the 
Author's  notice,  in  a  perfect  state  of  preservation.  It  is 
evident,  from  experience  gained  in  Sydney,  that  a  properly 

*  See  Froceedings^  ImtiitUion  qf  Civil  Mngincers,  J une,  1894,  vol.  cxvi., 
p.  2G6, 
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laid  hard-vrood  pavement  will  last  at  least  twenty-one  years, 
and  probably  for  a  much  longer  period,  belore  renewal  of 
the  blocks  is  neoessaxy.'' 

Ab  the  reinilt  of  seventeen  years*  experience  ihe  city  sur- 
veyor of  Sydney  believes  the  best  and  most  suitable  form 
of  pavemont  for  heavy  and  continual  traffic  to  be  one  of 
hard  woods  with  slope  or  butt  joints,  laid  upon  a  good 
foundation  with  a  convexity  of  1  in  60  or  of  1  in  80,  as 
the  longitudinal  gradient  may  suggest,  and  the  best  timbers 
for  such  work  are  in  his  opinion  tallow  wood,  blackbutt, 
blue  gum,  red  gum,  and  mahogany.  These  timbers,  he 
says,"^  after  having  been  so  laid  in  Sydney  streets,  have, 
upon  examination,  shown  wear  at  the  rate  of  Vtr  inch  to  -f^ 
inch  per  annum,  and  have  not  required  repairs  of  any 
kind  whatsoever.  It  might  be  thought,  he  further  observes, 
that  close-jointed  pavements  set  up  greater  expansion  than 
pavements  with  wide  joints,  but  experience  shows  that  such 
is  not  the  casCi  and  it  may  be  surprising,  but  it  is  never- 
theless true,  that  expansion  is  indeed  decreased.  To  com> 
bat  any  possible  expansion,  however,  a  2-inch  seam  of  sand 
or  clay  is  laid  parallel  with  and  close  to  the  curbing.  Out- 
side this  layer  planks  of  hard  wood,  12  feet  long  by  3 
inches  by  6  inches,  the  fuU  depth  of  the  block,  are  fixed. 
ThesQ  planks  aro  so  placed  as  to  break  joint  with  each 
other  on  each  side  of  the  street,  and  with  such  provision 
expansion  has  not  resulted  to  any  appreciable  extent. 

Sanitarff  atumi. — ^It  has  been  held  by  many  that  wood 
I>aving  is  most  undesirable  from  a  sanitary  point  of  view, 
and  doubtless  even  when  well  laid  with  close-jointed,  pitch- 
grouted,  or  even  butt- jointed  hard- wood  blocks,  it  is  far 
from  being  perfect  in  this  respect ;  but  if  so  laid  and 
maintained  in  a  proper  state  of  repair,  and  also  well 
scavenged  and  cleansed,  it  is  Ly  no  means  in  itself  pro* 

*  See  Frmedingn  9f  ik^  Anaciation  of  Mittt^p^  mi  Cwntp 
Enginem,  vol,  xxiii 
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duefciye  of  {he  atmosphere  higMy  charged  with  elements 

not  conducive  to  perfect,  or  even  approximately  perfect, 
salubrity,  which  some  persons  mention.  That  such 
elements  are  ordinarily  present  there  can  be  but  little 
doubt,  but  this  is  not  due  to  the  nature  of  the  payement^ 
but  to  the  state  of  filth  in  which  our  streets  are  as  a 
general  rule  kept  by  the  authorities.  Pavements  of  soft- 
wood blocks  uncreosoted,  and  laid  with  wide  joints,  un- 
doubtedly deserved  a  good  deal  of  these  condemnations,  no 
matter  how  maintained,  by  reason  of  the  large  capacity  of 
the  soft  wood  for  the  absorption  of  moisture  which,  accord- 
ing to  Mr.  W.  N.  Blair,*  C.E.,  is  for  yellow  deal  blocks 
23*44  per  cent.,  whilst  according  to  the  same  authority  that 
of  jarrah  and  karri  blocks  are  only  10*71  per  cent,  and  7*77 
per  cent  respectiTely.  The  creosoting  of  soft-wood  blocks 
lessens  to  a  great  extent  their  moisture-absorbing  capap> 
city.  Bacteriological  examiuation  of  the  grouting  of 
wood  pavement  in  Sydney  failed  to  reveal  the  presence  of 
disease  germs  pathogenic  to  man,  and  other  examinations 
had  similar  results.  Neverlheless,  wood  paying  is  not 
suitable  for  eyery  situation ;  indeed,  to  insure  good  results 
it  is  absolutely  necessary  that  it  should  be  exposed  to  the 
action  of  plenty  of  sun  (generally  conspicuous  by  its 
absence  durii^  a  large  part  of  the  year  in  this  climate),  and 
of  abundance  of  air,  otherwise  it  is  liable  to  rapidly  become 
decayed  and  insanitary. 

Wood  paviug  is  unsuitable  for  streets  having  a  heavy 
traffic,  and  should  never  be  laid  on  gradients  steeper  than 
1  in  26.  It  is  also  absolutely  necessary  for  safety  that 
this  dass  of  paying  be  kept  perfectly  dean — a  state  of 
things  seldom  if  ever  to  be  found  in  London,  or  other  city 
in  this  country — as  otherwise,  with  a  certain  amount  of 
moisture,  it  will  become  exceedingly  slippery  and  dan- 

.  *  See  JPiwt0imp8  of  th§  JmMion  ^  Hmmfal  mid  Qnmip 
Buginmt^  voU  zz.,  p.  80* 
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gerous.  Wlien  cloan  it  admits  of  horses  obtaining  a  some- 
what better  foothold  than  is  possible  upon  asphalte,  but 
o&rs  a  slightLy  greater  reektanco  to  traction  than  does 
this  latter.  Ferlia]^^  s  the  greatest  advantage  possessed  by 
wood  paving  is  that  it  is  the  most  noiseless  dcscriptioa 
known.  Other  disadvantages,  besides  those  which  have 
been  already  mentioned,  are,  that  it  is  ill  adapted  for  being 
opened  up  and  subsequently  repaired,  to  admit  of  access 
to  gas,  water,  hydranlie,  electric  light,  or  other  pipes  or 
conduits  ;  and  tliat  the  expansion  of  the  wood  when  wet 
is  not  unlikely  to  shift  the  curbs. 

Various  Experimental  JPavements* — During  the  last  few 
years  a  series  of  experiments  with  various  forms  of  wood 
paving  have  been  carried  out  in  Basle,  whioih  have  afforded 
some  valuable  data  upou  the  subject.  The  first  wood 
pavement  was  laid  in  this  town  in  Ibbb,  being  put  down 
in  one  of  the  principal  thoroughfares,  and  the  wood  em- 
ployed being  the  Pinui  ahies,  or  fir,  with  which  timber  ihe 
Jura  and  Black  Forest  are  covered.  This  pavement  only 
lasted  a  few  years,  when  it  was  found  to  be  in  a  very  bad 
condition,  completely  worn  out  and  quite  worthless,  and 
had  to  be  renewed,  the  same  timber  being  again  employed, 
but  great  pains  being  taken  to  secure  as  perfect  a  uni- 
formity in  the  blocks  as  possible,  and  the  blocks  being  very 
carefully  laid.  The  latter  pavement,  however,  in  spite  of  the 
pains  taken  and  the  improved  treatment,  very  rapidly  de- 
teriorated and  had  to  be  renewed  in  a  few  years;  conse- 
quently the  employment  of  blocks  of  fir  for  paving  pur- 
poses was  then  abandoned,  and  American  pitch  pine  has 
likewise  been  rejected  owing  to  the  fact  of  its  containing 
such  a  large  amount  of  waste  or  sap  wood  that  its  in- 
spection is  rendered  a  very  difficult  matter  to  perform  in  a 
satisfactory  manner.  In  the  year  1894  wood  paving  com- 
posed of  blocks  of  larch  from  Valais,  or  jPinns  larix^  which 
timber  closely  resembles  the  American  larch,  was  laid  ex« 
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perimentallji  and  this  payement  is  at  the  present  time  in 
such  a  condiidon  that  a  life  of  some  ten  years  may  confi- 
dently be  anticipated  for  it ;  it  may  be  mentioned  that  this 

^^ood  is  also  reported  to  have  given  fairly  satisfactory 
results  at  Taris.  Oak  and  pine  wood  have  likewise  been 
tried  in  Basle,  but  have  been  finally  rejected  on  the  grounds 
of  unsuitability  and  high  price,  and  it  has  finally,  as  a 
result  of  the  experiments  as  a  whole,  been  decided  in 
future  to  employ  Australian  karri  wood,  which  material 
will  be  used  for  aU  extensions  of  the  wood  pavements, 
and  also  for  the  repair  work  necessary  to  those  existing  at 
the  present  time. 

Duration  of  Hard-  Wood  Pavements. — Tlio  following  is  tlio 
experience  of  Mr.  Charles  Mason,*  the  surveyor  of  the 
vestry  of  St.  Martin,  with  regard  to  the  comparative  dura- 
tion of  deal  and  jarrah  hard-wood  paying  blocks* 
''Immediately  opposite  the  West  Strand  Post  Office, 
adjoining  Charing  Cross,  and  ut  the  starting  place  for  the 
omnibuses  going  eastward^  the  6 -inch  deal  blocks,  laid  in 
1889,  had  practically  worn  through  in  twelve  months, 
owing  to  the  tremendous  strain  on  the  wood.  The  road 
at  this  point  has  a  gradient  of  1  in  35.  This  portion  was 
taken  up  iu  September,  1890,  and  repaved  with  5 -inch 
jarrah  blocks.  This  hard  wood,  when  taken  up  in  Sep« 
tember,  1893,  had  worn  down  to  a  thickness  of  2^  inches 
in  the  line  of  traffic.  This  may  be  taken  as  a  fair  illustra- 
tion  of  the  comparative  life  of  the  hard  and  soft  woods 
when  subject  to  an  extraordinary  wear  and  tear,  the  deal 
having  worn,  say,  4^  inches  in  twelve  months^  against  the 
hard  wood  2}  inches  in  thirty-six  months,  being  at  the 
ratio  of  11  to  54,  or  practically  1  to  5.'^ 

The  final  report  of  the  special  committee  of  tho  Pad- 
dmgton  vestry  on  wood  paving,  whicii  was  presented  on 

*  Fmniing*  of  ih$  MunUipal  oHd  Chunty  Eng%netr$^  Attoeiatim, 
1894. 
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the  24th  July,  1890,  oontains  the  following  geneial  con- 
clusions as  regards  the  oomparatiye  values  of  soft  and 

hard  woods  for  paving : — "  The  committee  are  unanimous 
in  their  opinion  that  the  liie  oi  hard  wood  will  consider- 
ably exceed  the  number  of  years  shown  in  the  table,*  and 
th^  strongly  recommend  the  yestry  to  follow  the  example 
of  other  London  parishes^  and  in  future  to  discontinue  the 
use  of  soft  wood  fur  paving  pur2)08es,  being  confident  that 
there  will  not  only  be  a  considerable  saving  by  so  doing, 
but  the  roads  will  be  far  better  and  more  sanitary  than  at 
present." 

The  conclusion  arrived  at  by  the  committee  as  a  result  of 
a  consideration  of  the  facts  placed  before  them  was  the 
recommendation  that  the  wood  roads  ordered  to  be  renewed 
in  1896  be  paved  as  soon  as  practicable  with  the  best 
jarrah  wood.  Paving  with  this  wood  was  consequently 
laid  in  1897-8  in  Praed  Street,  Edgware  Eoad,  Shirland 
Road,  Formosa  Street,  and  Warwick  Eoad. 

The  yellow  deal  paving  laid  in  the  parish  of  Hammer- 
smith in  1885  was  taken  up,  and  the  section  between  the 
Broadway  and  Shaf  tesbuxy  Eoad  repaved  with  9-inch  by 
3-inch  by  5-inch  Jarrahdale  blocks  in  1895,  and  this  was 
followed  by  the  paving  of  the  Uxbridge  Road  with  similar 
material.  The  timber  was  supplied  in  planks  and  was 
sawn  into  blocks  at  a  mill  erected  in  the  parish,  the  quan- 
tity of  timber  delivered  being  2,340  loads,  and  the  number 
of  bloclcs  of  the  above  dimonbionii  cut  therefrom  being 
1,476,095  or  630  per  load. 

A  section  of  the  Westminster  Bridge  Bead,  extending 
from  the  foot  of  Westminster  Bridge  as  far  as  York  Boad^ 
was  laid  down  in  1889,  by  Mr.  H.  Mackintosh,  then 
surveyor  to  the  LauiLeth  vestry,  and  consists  of  1,960 
square  yards  of  jarrah  paving  blocks.  The  traffic  in  this 
portion  of  the  Westminster  Bridge  Road  towards  West* 

«  6Mp«27a  tethistahld. 
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minster  is,  according  to  Mr.  J.  P.  Norringion,  tliG  present 
surveyor,  at  the  rate  of  1,002  tons  per  yard  in  width  of 
road  ia  twelve  hours  from  6  a.u,  to  6  p.m.^  during  which 
time  8,574  vehides  passed,  out  of  which  number  523,  or 
14'63  por  cent.,  were  omnibusos.  On  the  other  sido  of  the 
road  the  traffic  is  equal  to  699  tons  per  yard  in  width  of  road, 
the  number  of  vehicles  which  passed  in  a  like  period  being 
d,014|  of  which  466,  or  15-46  per  cent,  were  omnibuses* 
Test  blocks  removed  in  1896  from  this  pavement  showed 
the  total  loss  for  the  six  years'  wear  to  be  1 J -inch,  or  at  the 
rate  of  -^ths  of  an  inch  per  annum.  The  roads  in  Lambeth 
are  for  the  most  part  level,  but  Waterloo  Boad,  which  is 
also  paved  with  Jarrahdale  jarrah,  has  a  gradient,  from 
the  nearest  cutranco  to  Waterloo  Station  to  Waterloo 
Bridge,  of  1  in  35,  and  the  traffic  is  very  heavy.  Up  to 
the  year  1896  the  length  of  Jarrahdale  jarrah  roads  in 
Lambeth  was  about  9  miles,  and  seven  million  blocks  of 
that  wood  were  supplied  to  the  parish  of  Lambeth,  the 
method  adopted  by  the  vestry  being  to  purchase  the  timber 
in  planks  9-inch  by  d-inch  in  section  and  to  saw  it  into 
blocks  dose  to  where  it  is  delivered. 

Observations  made  in  1896  as  to  wear  and  traffic  were 
made  upon  a  length  of  the  Euston  Boad  at  St  Fancras 
Church,  which  was  paved  with  jarrah-wood  blocks  between 
the  30th  of  April  and  the  24  th  of  May,  1894,  and  had  been 
consequently  at  the  time  of  the  observations  under  traffic 
for  about  one  and  three-quarter  years.  The  record  of 
traffic  taken  near  where  the  test  was  made,  at  which  point 
tho  road  is  38  feet  4  inches  in  width,  showed  that  during 
seven  days  from  the  26th  of  August  to  the  2nd  of 
September,  1895,  101,063  tons  passed,  or  5,255,276  tons 
per  annum,  or  411,318  tons  per  yard  in  width  of  road  per 
annum.  The  blocks  measured  were  taken  from  a  trench 
which  completely  crossed  the  road  from  curb  to  curb. 
Xhe  greatest  wear  was  found  to  be  at  12  feet  from  the 
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curb  on  the  south  side  of  the  road,  where  the  reduction 
wa9  iV  of  an  inch,  and  iV  of  an  inch  at  about  the  same 
distance  from  tho  north  eide;  ihe  greatest  wear  was 
therefore  -18  inch,  or  somewhat  under  i  of  an  indi  per 
annum. 

A  considerable  portion  of  the  macadam  roads  in  the 
north-west  subuiban  district  of  London  has  been  lately 
payed  with  Australian  hard  woods,  amongst  others,  Abbey 
Boadi  linehley  Eoad,  Ques  Bead,  Belsure  Boad,  and 
Fairhazel  Gardens,  the  last  three  having  been  completed 
in  November,  1900.  Except  for  a  service  of  omnibuses, 
the  traiEc  on  these  roads  is  very  light,  and  yet  the  sur- 
faces are  in  some  places  already,  after  a  lapse  of  only  a 
few  months,  far  from  being  in  a  perfectly  satisfactory  con- 
dition. This  is  not,  however,  due  to  the  material  used 
for  paving,  but  is  apparently  duo  to  faults  in  the  founda- 
tions. 

The  use  of  wood-paying  in  residential  districts  should,  ' 
to  insure  sanitary  conditions,  be  kept  in  a  state  of  scrupu- 
lous cleanliness,  but  unfortunately  our  authorities  do  not 
seem  to  recog^nipe  this  fact.  Accumulations  of  horse- 
droppings,  and  other  filth,  left  to  fester  upon  practically 
impermeable  surfaces,  and  disintegrated  by  alternate  wet- 
ting, drying  in  the  sun,  and  the  grinding  action  of  the 
trallic,  give  rise  to  a  peculiarly  fine  dust,  the  effects  of 
breathing  wliicli  must  be  extremely  injurious.  After 
over  twenty  years'  observation  of  tho  London  streets  the 
author  has  become  oonyinced  that  less  and  less  attention 
is  being  devoted  to  their  cleansing,  although  the  taxes 
have  almost  everywhere  risen  considerably. 
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PRESERVED  WOOD  FAVEMElSrr. 

VariouB  Preaervaiive  Pracemi, — ^There  are  Beveral  processes 

for  the  antibeptic  or  preservati\  c  trcatiacnt  of  timber,  the 
oldest  being  those  known  as  Kyanizing,  Margaryzing, 
Bumettiziiig,  and  Oreosoting',  and  the  first  and  last  of 
which  pxoceeses  have  met  with  the  greatest  success.  Kja- 
tdadngf  which  consists  in  the  use  bf  conrosiye  sublimate  or 
bichloride  of  mercury,  was  introduced  hero  by  J.  II.  Kyau, 
who  obtained  a  patent  for  the  process  in  this  country  in 
1832,  but  the  substance  was  successfully  used  for  preserv- 
ing timber  hy  Homberg,  a  French  savanti  as  far  back  as 
1705,  and  it  was  recommended  by  De  Boissieu  in  1767, 
and  tried  by  tlio  Dutch  Govcrnuicnt  iu  1730.  The  process 
acts  faiiiy  well  iu  dry  situations,  but,  like  all  those 
wherein  the  timber  is  impregnated  with  any  of  the  salts 
of  metals,  has  failed  in  damp  ones.  The  practical  intro- 
duction of  Creosoting  is  due  to  Mr.  John  Bethell,  who  took 
out  a  patent  iu  1838,  in  which  aiibtof  eifjliteen  substances, 
mixtures,  or  solutions,  oleaginous,  bituminous,  and  of  me- 
tallic salts,  was  mentioned.  As  early  as  1756,  howeyer, 
attempts  seem  to  have  been  made,  both  in  England  and 
America,  to  inject  or  impregnate  timber  with  vegetable 
tai's  or  with  extracts  therefrom.  The  iiibt  mention  of  the 
separate  use  of  the  products  of  the  distillation  of  gas  tar 
for  the  impregnation  of  timber  was  made  by  Franz  MoU, 
who  obtained  a  patent  in  1836  for  injecting  wood,  in  dosed 
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iron  vessels,  with  tlie  oils  of  coal-tar,  first  in  a  stato  of 
vapour,  and  noxt  with  the  heated  oils  in  tlio  ordinary 
liquid  state.  Ho  recommended  the  use  of  both  oils  lighter 
than  water  and  of  oils  heavier  than  water,  naming  the 
first  ''Eupion"  and  the  second  "Kreosot."  He  relied 
upon  the  latter  for  its  antiseptic  qualities,  but  proposed  to 
use  the  first  separately  at  the  commencement  of  the  opera- 
tion for  the  purpose  of  facilitating  the  absorption  of  the 
heavy  oil,  a  wasteful  and  unpractical  plan  which  has  never 
been  used. 

Amongst  the  various  substances  mentioned  in  Bethell*8 
patent  is  a  mixture  consisting  of  coal-tar  thinned  with 
from  one-third  to  one-half  of  its  quantity  of  dead  oil  dis- 
tilled from  coal-tar.  This  ia  the  origin  of  the  so-called 
Oreosoting  process,  though,  as  is  mentioned  by  Mr.  S.  B. 
Boiilton  *  in  his  paper,  On  the  Antiseptic  Treatment  o£ 
Timber,"  "  Creosote,  correctly  so-called,  is  the  product  of 
the  destructive  distillation  of  wood,  and  coal-tar  does  not 
contain  any  of  the  true  creosotOi  which  has  never  been  used 
for  timber  preserving.  But  a  substanoCy  since  caUed  car- 
bolic acid,  or  phenol,  has  been  discovered  in  coal-tar  ;  it 
was  thought  by  some  to  be  identical  with  the  creosote  of 
wood,  hence  the  process  came  to  be  miscalled,  after  a  timOi 
the  creosoting  process.'^ 

Crmoted  Wood^Paving  Bloeh. — ^Oreosoting  wood-paving 
blocks  is  claimed  to  have  the  effect  of  protecting  them 
from  the  efEects  of  moisture  and  rendering  the  pavement 
far  more  sanitary,  owing  to  the  non-absorbent  nature  of 
the  blocks  when  so  treated,  preventing  the  absorption  of 
off<msive  matter  falling  on  its  surface.  Creosote  is  besides 
an  excellent  disinfectant.  Very  favourable  results  seem 
to  have  been  obtained  with  pavements  composed  of  beech 
blocks  creosoted  by  Messrs.  Armstrong,  Addison  &  Co., 
of  Sunderland,  and  laid  according  to  the  method  adopted 

*  Prae6«ding»  of  ih«  JnsUtuiion  of  Civil  Mngitmrs,  vol.  Ixzviii., 
p.  97. 
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by  that  £ciu.  The  blocks  have  creosote  oil  forced  into 
theni  under  a  heavy  preeeure  until  they  aboorb  a  miniTniiyn 
quantity  of  one  gtdlon,  whioih  is  equal  to  10  pounds  per 
cubic  foot.  There  is,  however,  no  difficulty  experienced, 
we  are  told,  in  impregnating  beech  with  from  12  to  16 
pounds  per  cubic  foot. 

The  method  of  laying  tho  pvesenred-wood  paTement 
adopted  by  the  above  firm  is  very  dearly  shown  in  Figs. 
64  and  65,  which  depict  respectively  a  part  longitudinal 
section^  and  a  sectional  plan  of  road.  The  pavement  is,  it 
will  be  eeen,  laid  on  a  Portland  cement  oonorete  founda- 
tion 6  inohea  thick,  properly  radiated  on      Buzfaoe.  The 


Fig.  64.--]l£ethod  uf  laying  Preserved  Wood  Pavement— part  Longitudinal  Section. 


blocks  of  preserved  wood  are  5  or  6  inches  in  depth,  3  to 
3i  inches  in  width,  and  from  6  to  12  inches  in  length. 
They  are  set  on  a  thin  layer  of  sand,  and  the  joints  are  run 

with  asphalte  and  small  gravel  in  proper  proportions,  the 
surface  of  the  pavement  having  an  inclination  from  the 
centre  of  the  roadway  to  the  channeL 
•  As  regards  the  duration  of  preserved-wood  pavementi 
according  to  a  report  on  the  paving  of  the  town  of  Sunder- 
land, creosoted  beech  blocks  6  inches  in  depth  ])y  5  inches 
in  width,  laid  on  Wearmouth  bridge  in  the  year  1867, 
when  measured  in  1879,  after  having  been  in  use  for 
twelve  years,  had  an  average  depth  of  block  of  5\i  inches, 
the  measurement  of  the  largest  block  being  H|  inchesy 

s 
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and  tliat  of  tlie  sniallost  block  5iV  inches,  the  number  of 
measurements  taken  being  120.  From  this  it  will  bo  seen 
that  the  arerage  wear  of  the  blocks  for  the  twelve  years 
was  -A  of  an  inch,  or  iV  of  an  inch  per  year.  The  average 
wear  of  oreosoted  redwood  laid  on  the  same  bridge  for  the 
same  number  of  years  was  found  to  be  for  the  entire 
period  ii  of  an  inch,  the  number  of  measurements  taken 
being  198,  which,  makes  the  amount  of  wear  per  year  in 
this  case  equal  to  A  ot.m  iaek.  A|;ain8t  this  we  find 
that  oak  paving  blocks  laid  in  tiieir  natural  state  on  the 
same  bridge,  also  for  twelve  years,  lost  by  wear  during 
that  period  H  of  an  inch  on  an  average,  or  nearly  of 
an  ixusk  per  annum,  which  is  nearly  double  that  of  creo- 
soted  beech.  The  number  of  measurements  from  which 
the  latter  deduction  was  made  were  1,727.  It  should  be 
mentioned  that  the  traffic  across  this  bridge  is  very  con- 
stant and  heavy.  It  was  further  mentioned  in  the  report 
that  the  creosoted  beech  blocks  were  xdaid  after  haying 
been  down  for  ten  yearsy  and  were  brought  forward  so  as 
to  work  in  with  the  courses  of  the  new  paving  when  the 
wood  was  found  to  be  sound.  The  creosoted  redwood 
blocks  were  not  moved  at  this  time,  and  the  wood  was  also 
found  to  be  sound.  The  uncreosoted  oak-blocks  were 
taken  up  after  ten  years  and  reversed,  when  many  of  the 
blocks  were  foimd  to  be  beginning  to  decay  on  the  sur- 
face. The  whole  of  the  foundation  of  the  bridge  was 
found  to  be  in  good  order.  The  measurements  of  the 
blocks  were  taken  with  callipers  to  the  nearest  sixteenth 
of  an  inch. 

A  short  section  of  yellow  deal  blocks  creosoted  according 
to  Bethell*8  patent  process  (7  lb.  of  hot  creosote  oil  per 
cubic  foot,  equal  to  10*66  blocks,  being  injected),  was  laid 
in  King's  Boad,  Chelsea,  where  the  ascertained  depth  of 
annual  wear  was  found  to  average  0*139  inch  against 
0  055  inch  for  pitch  pine,  and  0-144  inch  for  plain  yellow 
deal.  Upon  raising  the  creosoted  blocks  for  examination 
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they  were  found  to  be  moist  internally^  and  could  be  easily 
raised,  whilst  the  plain  blooks  and  the  pitch-pine  blocks 
oottld  only  be  got  up  by  the  exertion  of  a  considerable 
amount  of  force.  Mr.  Stayton,  in  meutioniug  the  above, 
gives  it  as  Ms  opinion  that  creosotiug,  by  closing  to  a 
certain  extent  the  fibres  of  the  wood,  toids  to  produce 
premature  internal  decay,  and  when  this  sets  up,  he  says, 
it  is  yeiy  soon  found  that  the  traffic  will  cause  the  fibres  to 
spread,  which  action  is  c^uickly  followed  by  the  complete 
destruction  of  the  wood.  The  same  authority  also  states 
tiliat  the  result  of  his  experience  is»  that  ereosoted  payement 
is  invariably  less  dean  than  when  the  blocks  are  laid  in 
their  natural  state.  Mr.  Stayton*s  experience  in  this  direc- 
tion, however,  does  not  agree  with  that  of  others  in  the 
behaviour  of  ereosoted  timber.  As  regards  the  internal 
moisture  found  in  the  blocks  in  question,  this  was  doubtless 
either  due  to  the  wood  being  in  a  damp  condition  when  the 
creosoting  was  carried  out,  or  to  an  insuffidency  of  creosote 
having-  been  injected. 

As  regards  the  ordinaiy  dipping  process,  wherein  the 
blocks  are  dipped  in  a  mixture  of  creosote  oil  and  other 
ingredients,  Mr.  Stayton  has  but  little  faith  in  its  effidenoy 
as  a  means  of  preserving  timber.  Upon  severing  blocks 
that  have  been  subjected  to  the  dipping  process  after  they 
had  been  laid  for  two  or  three  years,  a  mere  external 
coloration  only  was  found  to  exist,  and  under  such  circum- 
stances, he  remarks  that  it  is  difficult  to  ascertain  the 
nature  of  the  merit  which  the  process  is  supposed  to  possess, 
and  there  may  be  some  truth  in  the  assertion  that  it  is  worse  , 
than  useless,  as,  tinfortunately,  unscrupulous  persons  have 
taken  advantage  of  it  as  a  means  of  covering  up  the  short- 
comings of  defective  and  inferior  blocks. 

Carholineum  Avenarius, — The  use  of  carbolineum  aven- 
ariiis  for  the  preservation  of  timber  is  claimed  to  afford 
several  advantages,  and  to  be  of  considerable  eihciency. 
This  fact  seems  to  have  been  demonstrated  by  the  author 
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of  a  paper  read  before  the  Technisches  Centralblatt  far  Berg 
und  mtiimi00im,  Berlin,  on  the  28th  of  June,  1900,  by  the 
exhibition  of  a  sample  of  wood  treated  in  this  manner 
which  had  been  exposed  for  a  period  of  ten  years  to  the 
vicissitudes  of  the  atmosphere.  The  sample  wiis  accom- 
panied by  a  certificate  from  the  administration  of  the  Louis 
de  Heese  Bailways,  Mayenne.  In  the  year  ISSl,  during 
tiie  oonetmction  of  a  town  ball  at  Gnetavaburg,  two  ooatings 
of  carbolineum  were  applied,  and  since  then  the  operation 
has  not  been  repeated. 

A  comparison  of  the  duration  when  sunk  in  the  ground, 
made  between  wood  treated  with  earbolineum  and  wood  left 
in  its  natural  state,  demonstrated  that  at  the  termination  of 
twenty  years  the  first  was  in  a  quito  sound  condition,  whilst 
at  the  end  of  five  years  the  second  was  in  a  rotten  state. 

As  carbolineum  is  an  antiseptic  as  well  as  a  preservative 
of  wood,  it  would  seem  to  be  especially  adapted  for  the 
purpose  of  treating  wood-paving  blocks.  The  application 
also  is  simple,  and  the  expousive  plant  necessary  for 
creosoting  is  not  xe<^uirod,  as  a  few  minutes'  immersion  in 
the  carbolineum  is  said  to  be  all  that  is  required  to  effect 
tiie  requisite  protection  and  to  preserve  the  blocks*  The 
penetrating  action  of  the  carbolineum  is  very  strong,  and 
a  few  minutes'  immersion  suffice  to  allow  of  its  working 
its  way  into  the  wood  and  entirely  traversing  the  grain, 
where  it  remains,  and  appears  to  be  successful  in  resisting 
tiie  penetration  of  damp,  preventing  extreme  contraction 
and  expansion,  and  hardening  the  wood,  especially  the 
sappy  portions.  A  portable  apparatus  is  provided  by 
Peters,  Bartsch  and  Co.,  of  Derby,  who  are  the  makers  of 
carbolineum  in  this  country,  by  the  use  of  which  wood- 
paving  blocks  can  be  carboUsed  in  the  street  This 
apparatus  consists  simply  of  a  tank  about  four  feet  square 
mounted  upon  suitable  wheels  and  having  a  furnace  under- 
neath, and  with  this  simple  apparatus  four  men  can  turn 
out  over  l^OOO  blocks  per  hour. 
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VHiea  wood-paving  blocks  are  carbolized  the  pavement 

will,  it  is  said,  require  no  facing  and  grouting  of  piteli  and 
tar,  as  is  the  case  with  creosoted  blocks,  but  may  he  simply 
grouted  with  cement  and  sand,  which  is  quick-drying  and 
leaves  a  dean  suif  ace  unlike  pitch  and  tar.  The  opinion 
expressed  by  the  suryeyor  to  the  vestry  of  St.  Martin's-in- 
the-Fields  as  the  results  of  his  experience  of  experiments 
with  carbolized  wood-paving  is  favoural^Ie  to  the  adv  antage 
obtained  by  the  use  of  the  composition. Amongst  the 
streets  in  London  wliich  have  been  payed  with  carbolized 
wood  blocks  are  Northumberland  Ayenue,  Whitehall^ 
Duncannon  Street^  fta 

*  See  pftper  on  "  Carriageway  Payementi^"  F^routHngi  ^  ik$  Lh^ 
uirfmM  Am9i«iiM  ^Mmw^  Mngiitmif  1894. 
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OTHER  WOOD  PAVEMENTS. 

Ligno- Mineral  Pavement. — This  pavement,  known  also  as 
Trenaunay's  system,  was  imported  from  JB'rance.  It  was 
ihe  first  Bjatem  of  wood  pavement  that  was  picvided  with 
a  hard  concrete  foundation,  and  moulded  exactly  to  the 
required  curve  of  the  road.  The  concrete  is  laid  with 
cement  or  blue  haa  lime,  and  besides  supplying  &  firm 
foundation,  it  closes  the  surface  against  underground  exha- 
lations. Blocks  of  hard  wood,— oak,  elm,  beech,  or  ash, — 
are  laid  on  the  concrete  ;  their  upper  and  lower  surfaces 
are  cut  at  an  obliq^ue  angle,  of  about  60^,  to  the  grain,  in 
order  that  the  fibre  may  be  presented  obliquely  to  the 
wearing  surface,  and  that  each  block  may  be  partially 
supported  by  the  next  Ijlrxrk  in  the  course  upon  which  it 
leans.  The  courses  are  laid  transversely,  and  the  inclina- 
tion of  the  blocks  is  alternately  to  the  right  and  to  the  left 
in  the  successiye  courses.  The  upper  edges  of  the  blocks 
are  chamfered.  A  groove  is  cut  horizontally  alon^  the 
Bides  of  the  blocks,  near  to  the  base,  which  is  iiiied  with 
the  asphaltic  mastic  used  for  jointing — so  forming  an  addi- 
tional tie.  The  joints  are  only  partially  filled  with  mastic^ 
and  they  are  filled  up  with  a  grouting  of  limo  and  sand. 

The  blocks  are  previously  subjected  to  a  process  called 
mineralisation :  they  axe  placed  in  drying  chambers  heated 
with  steam-coils,  and  exposed  to  a  continuous  current  of 
air.  When  dried,  the  blocks  are  with<Irawn,  and  plungfed 
into  tanks  containing  the  mineral  oils,  consisting  of  hydro« 
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carburets ;  they  quickly  absorb  tlie  oilS;  with  which,  it  is 
Baid,  the  wood  becomes  saturated,  aad  are  so  rendered 
tougher  and  more  durable. 

Though  the  em}>lo}  ment  of  hard  avoo  Is  is  a  specialty  of 
this  process^  mineralised  iirs  also  are  used,  and  they  are 
placed  upright,  with  vertical  fibres.  But  it  is  claimed 
that,  in  hard  wood,  a  less  depth  of  block  suffices  than  in 
Boit  wood,  and  that  thus  the  costs  for  the  two  classes  of 
wood  are  equalised. 

The  first  piece  of  this  pavement  laid  in  the  (My  of 
London,  was  laid  in  Qraoeehureh  Street,  near  Talbot  Oourt, 
in  August,  1872.  On  a  bed  of  concrete,  4  inches  thick, 
mineralised  elm  blocks  were  laid,  bedded  in  Portland 
cement.  The  blocks  were  3^  inches  wide,  7i-  inches  long, 
and  only  4i  inches  deep.  The  joints  were  partially  filled 
with  heated  mastic,  and  filled  up  with  a  grouting  of  lime 
and  sand.  The  pavement  was  relaid  in  1875,  after  having 
lain  three  years,  and  a  portion  of  it  was  replaced  with 
new  blocks. 

The  next  piece  of  paving  was  laid,  in  1874,  in  Fore 
Street,  which  is  entirely  paved  on  this  system.  On  a  con- 
crete bed  of  blue  lias  lime,  6  inches  thick,  hard-wood 

blocks  were  placed,  3J  inches  wido,  7i  inches  long,  and 
44  inches  deep.  The  wood  used  for  nearly  the  whole  of 
the  surface  was  beech;  supplemented  by  blocks  of  oak 
and  of  eim.   The  lines  of  channel  are  fonned  tlirougliont 

of  elm  blocks. 

Lastly,  Coleman  Street  was,  in  1875,  paved  with  vertical 
blocks  of  mineralised  fir,  3  inches  wide,  9  inches  long,  and 
6  inches  deep,  with  f*incli  joints;  on  a  concrete  founda- 
tion G  inches  deep. 

AsphaUic  Wood  FavemenL-^  On  this  system,  originally 
patented  by  Copland,  a  solid  concrete  foundation, 
6  inches  thick,  is  laid  to  the  curvature  of  the  road; 
it  in  coiuposed  of  blue-lia»  lime  and  balluiit,  in  the  propor- 
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tion  of  1  to  5  or  6.  Upon  this  foundation,  a  coat  of 
maatio asphaltOi  f-ineh or f -inch  thieky  is  laid,  asabedding 
for  the  wood  blocks.  The  blocks  are  3  inches  wide,  6  inches 
deep,  and  9  inches  long,  of  Baltic  fir,  laid  in  tranavorso 
courses,  butt-jointed,  with  A-inch  interspaces.  The  inter- 
spaces or  joints  are  run  up  with  melted  asphalte  to  a  depth 
of  about  H-inches.  The  correct  interspacing  of  the  courses 
is  ensured  hy  placing  long  strips  oi  wood  A-inch  thick, 
against  each  course  as  it  is  laid.  The  asphalte,  when 
poured,  remains  for  two  or  three  minutes  in  a  fluid  con* 
dition,  and  it  partially  re-melts  the  coating  on  which  it 
rests,  and  unites  with  it,  whilst  it  adkeres  £rniiy  to  the 
blocks.  The  whole  structure  thus  becomes  solidified  as 
one  mass,  and  the  joints  are  fiUed  up  with  a  grouting  of 
sand  and  hydraulic  limo.  The  grouting  serves  as  a  non- 
conductor of  heat,  and  fixes  the  grit  and  gravel  which  it  is 
usual  to  strew  over  a  newly-laid  wood  paying,  ibr  the  pur- 
pose of  indurating  the  surface  of  the  wood. 

The  first  piece  of  Copland's  pavement  in  London  was 
laid  at  the  east  end  of  Cannon  Street,  in  1874,  on  a  concrete 
foundation,  9  inches  thick,  made  with  Portland  cement ;  a 
layer  of  mastic  asphalte,  }-inch  thick,  was  spread  over  the 
concrete,  and  carried  tlio  wooden  blocks,  which  were  of 
soft  wood,  and  had  been  steeped  in  tar.  The  blocks  were 
laid  in  courses  across  the  street,  with  f-inch  joints  between 
the  courses.  Each  block  had  two  holes  H-inch  in  diameter, 
and  a-iucli  deep,  bored  in  each  side;  and  when  the  joints 
were  filled  to  half  their  depth  with  liquid  asphalte,"  the 
asphalte  of  course  occupied  the  holes.  The  upper  part  of 
the  joint  was  then  rammed  with  screened  gravel,  and 
grouted  with  tar  and  asphalte,  and  the  pavement  covered 
with  screened  gravel  find  sand. 

The  lateral  holes  have  not,  in  later  pavements  on  this 
system,  been  made  in  tke  blocks.  It  was  found,  no  doub^ 
that  they  were  an  entirely  useless  refinement. 
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Cbe  aaplinltio  wood  payement  appeais  to  have  answmd 
ireEL,   In,  Bristol,  it  has  been  laid  fbr  upwards  of  two 

years,  in  Broad  Street  and  at  the  Exchange,  and  Mr.  F, 
Ashmead,  the  Engineer,  reports  that  it  is  weaiing  well. 
He  maintains  that  the  prindpai  adyantage  of  the  pave- 
ment is  *'it8  impervionsness  to  water.''  It  is  stated  that, 
on  lifting  a  portion  of  this  pavement  after  having  been 
down  two  yearsi  the  foundation  was  found  to  bo  as  dry  as 
when  the  pavement  was  laid. 

HmrimC%  Wood  Pa/cmmt, — ^This  pavement  is  analogons 
to  the  Asphaitic  Wood  Pavement.  Upon  a  concrete  founda- 
tion, it  is  proposed  to  place  strips  of  wood,  2  inches  wide 
by  i-inch  in  thickness.  Upon  these,  3-inch  wood  blodks 
are  to  be  placed,  and  heated  asphalte  is  to  be  poured  into 
the  joints,  penetrating  under  and  adhering  firmly  to  the 
blocks.  On  this  system,  an  under  coating  of  asphalte 
would  be  formed  in  sections  by  the  successive  pourings 
into  the  joints,  instead  of  in  large  sheets  as  formed  by  the 
Asphaitic  Wood  Company.  This  system  does  not  recom- 
mend itself.  The  multiplication  of  attachments  by  pieces 
of  wood  is  objectionable. 

IIemon\  Wood  Favement. — On  a  solid  substratum  of  blue 
lias  lime  concrete,  6  inches  thick,  covered  by  a  2-inch 
layer  of  cement-concrete  of  a  finer  quality,  a  coat  of  ordinaiy 
roofing  felt  is  spread ; — ^the  felt  having  been  previously 
saturated  with  a  hot  asj^ilialtic  composition  of  distilled  tar 
and  mineral  pitch.  On  this  felt,  a^  on  a  carpet,  cushiony 
and  impervious  to  moisture,  blocks  of  Swedish  yellow  deal, 
containing  resin  sufficient  for  preservation,  are  laid.  The 
blocks  are  3  inches  wide,  6  inches  deep,  and  9  inches  long, 
are  placed  with  the  grain  upright,  and  laid  closely  to- 
gether end  to  end,  in  rows  across  the  street  The  rows 
are  also  driven  together  and  dose-jointed  with  a  strip  of 
saturated  felt  in  each  joint.  The  width  of  the  interspaces 
is  thus  reduced  to  the  simple  thickness  of  the  felting,  and 
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does  not  exceed,  if  it  even  amounts  to,  a  quartex  of  an  incli. 
At  interyals  of  eyexy  three  or  four  rows,  a  row  of  blocka 
grooved  along  the  middle  is  laid,  to  aid  in  giving  foot-  ' 
hold.    The  .surfLico  is  dressed  with  a  hot  bituminous  com- 
pound and  £na  dean  grit. 

This  pavement  was  laid  in  Oxford  Street  in  two  lengths, 
between  Princes  Street  and  Marylebone  Lane,  and  be- 
tween  Hereford  Gardens  and  Edgwaro  Road ;  and  was 
opened  for  traffic  in  December,  1875.  For  the  18  months 
(to  June>  1877)  during  which  this  pavement  has  been  open, 
it  has,  according  to  the  report  of  Mr.  H.  T.  Tomkins,  the 
Suit ey or,  given  very  great  satisfaction,  and  it  continues 
in  excellent  condition.  A  piece  of  Henson's  wood  pave- 
ment was  laid  in  Leadenhall  Street,  in  the  Git j  of  London, 
inAngast,  1876. 

Norton's  Wood  Pavement. — This  pavement  was  e\'idently 
designed  as  a  compromise,  to  do  away  with  a  foundation 
of  concrete,  whilst  seeming  the  advantage  of  a  firm  base. 
A  thin  bed  of  ballast  is  laid  on  the  subsoil,  and  brought  to 
the  prohie  of  the  street,  to  receive  the  pavement.  The  pave- 
ment consists  of  slabs  or  structures,  7  feet  long,  and  3  feet 
wide,  composed  of  blocks  of  yellow  Baltic  timber,  3  inches 
wide,  6  inches  deep,  and  7  inches  long,  fixed  to  a  backing 
of  2-inch  boards,  with  a  strong  bituminous  cement.  The 
joints  are  run  with  tho  same  material.  Between  the  slabs, 
the  joints,  f-inch  wide,  are  filled  witb  powdered  lock 
asphalte,  in  a  Heated  state,  well  rammed  and  levelled  to 
the  surface  of  the  blocks.  A  small  piece  of  paving  on  this 
system  was  laid  at  the  east  end  of  Cannon  Street,  in  1874. 
It  has  been  occasionally  under  repair,  and  is  now  (Feb- 
ruary 1877)  in  bad  condition: — bumpy,  and  depressed  at 
the  edges  of  the  -^-labs. 

MowkmU  Wood  JPa/oemmt,—T\n&  pavement  reverts  to  the 
simple  type  of  wood  pavement^  formed  of  fir  blocks, 
8  inches  wide,  6  or  7  inches  deep,  and  9  incbes  long,  with 
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jomts,  ttmsveamefy,  |-ineh  wide^  filled  with  a  gionting  of 

blue  li&s  lime  and  sand.  It  is  laid  on  a  foundation  of 
concrete  made  with  Portland  cement,  6  incliea  tiiick.  The 
earlioBt  pieoe  of  Mowlem's  paving  was  laid  ia  Duke  Street^ 
Smitiifieldy  in  Jane^  1878.  A  small  pieoe  was  laid  at  the 
east  end  of  Cannon  Street,  in  September,  1873.  Portions 
of  the  blocks  were  creosoted. 

SUme^B  Wood  Fa/immi.—A.  concrete  foundation  is  foimed, 
compressed  by  machinery.  GrooYes,  |-inch  deep,  and 
3  iuclies  apart,  are  cut  by  machinery  in  the  surface  of  the 
concrete.  Wood  blocks,  3  inches  wide,  5  inches  deep,  and 
6  inches  long,  are  placed  on  the  concrete^  being  shaped  to 
fit  into  the  grooves.  The  blocks  are  in  transverse  courses, 
with  l  ]-in(jh  joints,  which  are  filled  with  gravel,  and.  run 
with  heated  tar.  A  specimen  was  laid  in  King  William 
Street,  near  to  Olemenf  s  Lane,  in  July,  1878.  Having 
been  completely  worn  out  by  the  traffic,  it  was  taken 
up  and  replaced  by  the  Impraved  Wood  Pavement,  in 
October,  1876.  This  new  pavement  was  constructed  with 
one  layer  of  boarding  on  concrete  and  sand. 

OahrieVs  Wood  Pavmmt — Wood  blocks,  3  inches  wide, 
6  inches  deep,  and  from  7  to  11  inches  long,  are  placed, 
with  the  intervention  of  a  little  sand,  on  a  foundation  of 
concrete,  composed  of  Thames  ballast  and  Portland  cement 
or  ground  lias  lime,  of  from  6  to  9  inches  in  thickness. 
Two  small  fillets  aie  secured  to  one  sido  of  each  block,  so 
as  to  keep  the  blocks  steady  during  the  process  of  grout- 
ing. The  joints  are  filled  with  a  grout  of  lime  and  sand, 
and  the  whole  surface  of  the  pavement  is  covered  witli  u 
layer  of  hoggin  and  sand.  The  ea8t(}rn  and  the  greater 
part  of  the  south  side  of  St.  Paul's  Churchyard  were  laid 
with  tlus  pavement  in  1875. 

Wilson's  Wood  Pavement. — This  pavement  is  formed  of 
blocks  3  inches  wide,  6  inches  deep,  8  inches  long,  laid 
on  a  foundation  of  blue  lias  concrete  6  inches  deep,  on 
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which  a  ^-incli  layer  of  aand  is  spread,  to  bed  tlie  blocks. 
Two  Bmall  fillets  are  seciired  by  brads  on  the  side  of  each 
block,  80  as  to  keep  the  blocks  steady  until  the  process  of 

grouting  is  completed.  The  grouting  for  the  joints  con- 
sists of  "blue  lias  Hme  and  sand.  A  piece  of  this  pave- 
ment, 419  square  yards  in  eztenti  was  laid  in  ^Fetter  Lane, 
in  October,  1876. 

BoweUed  Wood  Pwmnmi, — This  is  a  type  of  pavement 
invented  by  Mr.  William  Dully,  of  Victoria  Park,  London, 
N.E.,  in  which  the  blocks  are  secured  together  by  dowells 
or  pins,  of  a  special  type,  by  which  they  are  locked  £rmly 
in  position.  Holes  are  formed  in  the  blocks,  into  which 
the  dowells  are  inserted.  By  the  use  of  this  system 
it  is  claimed  that  blocks  of  hard  ^\(J()d  us  tliiu  as  3 
inches  might  be  employed  with  eaiety,  as  the  pavement 
is  rendered  absolutely  immovable  under  the  heaviest 
traffic  According  to  the  inventor,  moreover,  &e  use  of 
a  concrete  foundation  might  in  many  cases  be  dis- 
pensed with,  in  streets  not  liable  to  be  subjected  to  very 
heavy  traffic,  inasmuch  as  the  blocks  being  all  fastened 
togetiier  will  mutually  support  each  other,  and  the  weight 
of  the  traffic  be  therefore  distributed  over  a  considerable 
area  instead  of  on  each  block  individually.  The  latter 
feature,  moreover,  it  is  said,  forms  an  important  factor  in 
preserving  the  blocks  from  destruction  by  the  concussion 
and  stress  to  which  they  are  subject,  as  tilting,  lifting, 
or  dislocation  of  the  blocks  is  rendered  impossible,  and  as  a 
natural  consequence  the  life  of  the  pavement  is  prolonc^od. 

The  roadways  of  the  Tower  Bridge  were  laid  by  Sir  J. 
Wolfe  Barry  with  paving  on  this  system,  in  lbU5,  and  are 
now,  after  upwards  of  five  years'  use,  during  which  time 
the  traffic  has  been  very  heavy,  in  a  perfectly  sound  con* 
dition.  Sections  of  the  pavement  have  been  also  laid  for 
testing  purposes  in  other  streets  of  London,  amongyt  which 
mention  may  be  made  of  one  of  about  1,000  square  yards 
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in  front  ol  the  Maiylebone  tenmnus  of  the  Great  Central 
BaJlway.  All  the  trial  pieces  are  said  to  have  stood  tha 
practical  tests  to  which  they  have  been  subjected  in  a 
satisfactory  manner.  The  results  of  wear  will  be  found  in 
the  next  chapter. 


Tabu  No.  34,— Oitt  ov  Lokdoit:— Wood  pAVsxBim  * 


Bituatioo. 

Name  of  WcH>d 
PareniBiit. 

Lengrth. 

Area. 

Date  when  i  h© 
paving  was 
oompletefL 

Bartholomew  Iadb  • 

Bircliin  Lane  .  « 
Jewry  Street  .  . 
Little  George  Street 
Oannon  Sti^t 
HoundsditchfN.W. ) 

half  .      .      .  j 
Bajrhican^athirdpagt 

(Joey's  Wood 

n 
n 

9f 
$9 

>» 
ft 

Yards. 
40 

28 
42 
24 

Sq.  yds. 
468 
77 
253 
148 

9,051 

1,826 
800 

Jan.  1872 

June,  1866 
Feb.  1872 
Feb.  1872 
Sept.  1874 

May,  1874 

Oct.  1376 

i>druiuiuiii6w  j-iane  • 

Gnat  Tower  Street) 
and  Seething  Lane  j 

King  WiUiam  St  A 
between     Grace-  ! 
church  Street  and  > 
CSaimoiiStTeet,aiid  1 
Adelaide  Place  .J 

Ludgate  Hill  . 

Aldersgate  Street,  &c. 

Barbican,  a  third  part 

St.  Mary  Axe,  &c.  . 

Biahopsgate  Street  | 
Without      •  f 

xmpruvuu  vv  oou 
•i 

i» 

»» 
•f 
If 
II 

»> 

70 

311 

206 

448 

6,066 

2,639 
6,884 
606 
1,662 

T  ^;    ,v        1  V  7  1 

iJfclC.   1  O  /  I 

Aug.  1873 

Jan.  1876 

Nov.  1872 
Sept.  1874 
Nov.  1875 
July,  1875 

Feb.  1877 

Gracechurchfcstreet, ) 
near  Talbot  Court  j 
Foro  Street    •  • 
Coleman  Street  « 

ligno-lGiMtal 

n 
n 

27 

440 

3,822 
2,291 

Aug.  1872 

Dec.  1874 
June^  im 

•  Tn  the  Appendix  is  given  a  table  by  Colonel  Haywood,  showLug 
the  condition  of  the  wood  pavements  in  the  City  oi  Londoii«  aa  exist 
iug  on  the  lat  February,  187»^« 
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Name  of  Wood 
Pavement. 

Length. 

Am. 

Date  when  the 

p;ivin,i:,'  ^^-as 

completed. 

Dnke  St.,  Smithficld 
HoundscLitch,  S.E.  \ 
kalf      .      .  i 
Wormwood  Bk,  ftc. 

Mowlem'B  Wood 

n 

n 

ZMC18. 

134 

676 
],S32 
689 

June,' 1873 
May,  1874 
Juno,  1876 

pie  at  east  end     .  j 
Barbican,  a  thirdpart 
St.  Bride  Slioet 
QoMii  Straet  • 

AsphaltioVTood 

»i 
n 

1    1  1  1 

299 

785 
1,774 
2,169 

Jtdy,  1874 

Oct.  1875 
Kor.  1876 
July,  1876 

Cannon  Street,  sam- ") 
pie  at  east  end    .  ) 

St.  FbaTs  OhiiTch-  \ 
yard*  oast  end  and  | 
part  of  south  side  ) 

GalKrieL'iWood 

1 

4,907 

Jan.  1876 

1 

Tablm  No.  34* :  — Wood  Pavements  in  thk  MetropoliSi  1884. 


Situation. 


LamLetll  •  • 
Huckney  . 

St.  Paiicr;i?'  . 

Kensington  • 

Greenwioh  • 

Fulham    •  « 

Marylebone  • 

Shoreclitoll  • 

P(»plar  .    .  • 

Ilampstead  • 

Faddington  • 
St.  GtooE]ge*8y 
Hfinover  Square 

St.  (jreorgoH-iu- 

thja>East  •  .  • 
Nowington  •  • 
Cil^    •   ■   •  • 


Miles. 


0 
3 

1 

8 

2^ 


6i 


Area. 


Sq.  Yds. 
16,000 
1,000 
3:i,593 
167,798 
600 
22,000 
80,000 
1,050 
2,400 
600 
133,457 

iri',),  IS6 
49,500 

677 
6,600 
118,300 


Situation. 


Miles!  Arf^a, 


Bermondsey 
Weutmirister 
Clapbaiii  . 
Limehouse 
Southwark 
Whit(vlj;tpel 
St.  Luke's  « 
Holbom   .  • 
St.  Giles  •  • 
St.  James% 
Westminster 
Strand 

St.  Saviour's  . 
St.   Martin  -  in 

tho-Fieids  . 
St.  Olave  .  . 
Metropolitan 

Boaird  o£  Works 


3 

X 

4 

1 

'\ 

2 
2 


8q.  Yds. 

410 
76,967 
4,000 
1,000 
3,000 
4,000 
2,1(56 
16,644 
14,200 

53,000 
8,U00 
1,400 

50,000 
2,000 

885 
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k)06T  and  WEAU  of  wood  PAVliiMEJNTS. 

Cost. — ^The  first  cost  ot  wood  pavements  formerly  used 
in  the  City  of  London,  iaduding  foundation^  but  not  exca- 
vatumi  was  as  foUowa;— * 

TtfPROVBD  Wood. 
King  William  Street  « 
Ludgate  Uill .... 
Ureat    Tower    Street  and 
Seething  Lane       .  • 
Bartholomew  Lane       .  • 

CiiBT'i  Wood. 
BaiUiolaiiiew  Lane  • 
Honndadttch .      ,     «  • 

Howlbm's  Woott* 
Duke  Street  .      •      •  • 
Houndflditch  •      •  « 

The  Asphaltic  Wood  Pavement  has  been  laid  in  Biistcil 
for  I4s,  6d,  per  square  yard. 

With  regard  to  the  cost  for  maintenance  of  wood  paving, 
tho  Improveil  Wood  Company  contracted  to  maintain  the 
pavements  of  King  William  Street  and  of  Ludgate  Hill, 
1  year  free,  and  15  years  at  Is.  6d.  per  square  yard  per 
year;  and  the  pavements  of  Great  Tower  Street  and  Seething 
Lane,  1  year  free,  and  15  years  at  la.  3d.  per  square  yard. 
These  terms  ^  e  equivalent  to  a  total  cost  per  square  yard 
per  year  for  16  years,  of  2«.  6H«  ^      first  and  second 
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streets,  and  2«.  2d*  for  the  third.   But  in  King  William 

Street,  the  pavement  w  <is  renewed  three  years  after  it  was 
iirst  laid;  so  that  the  actual  total  cost  must  have  been 
something  considerably  greater  than  the  contract  cost. 

The  Asphaltic  Wood  PaTing  Company  maintained  the 
Bristol  pavement  for  Is.  per  square  yard  per  year  for  10 
years ;  equivalent  to  a  total  cost  for  this  period  of  2$.  5id, 
per  square  yard  per  year. 

Messrs.  Mowlem  and  Co.  maintained  the  pavement  of 
Duke  Street  for  2  years  heB^  and  S  years  at  U.  per  square 
yard  per  year.  Also,  the  Iloundsditch  pavement  for 
2  years  free,  and  5  years  at  dd.  per  square  yard  per  year. 

Mr.  Carey  maintained  the  Koundsditch  pavement  for 
2  years  free,  and  5  years  at  U.  per  square  yard  per  year. 

Mr.  G.  J.  Crosbie  Dawson  gave  in  1876  the  cost  of  the 
Ligno-Miueral  I'avement  atj  follows 

Per  fqaare  yai4. 

Haid  wood,  inclndiog  oo&aiete  foundation .  .  148.  6d. 
Midiiteiiaace  for  10  yesrs,  after  the  fint  2  yeus  .  Os.  8d. 
Yellow  deal,  mdadlng  oonoiefte  foundaftioii  .  lis.  6d. 
Maintenance  for  10  years,  aft^^r  the  first  2  years  .  Oe.  lOd. 
Footways,  inoludiDg  f oaadatioiis      •      •      •    &k  Od. 

The  price  of  Henson's  pavement)  as  laid  in  Oxford 
8treet|  was  12*.  per  square  yard,  if  only  2  inches  of  Port- 
laud  cement  concrete  was  required ;  and  14*.  if  with  6 
inches  of  the  same  concrete. 

Mr.  EUice-Olark  gave^  in  1876,  the  cost  for  wood  pave* 
ments,  as  laid  in  Derby,  as  follows : — 


WOOB^DaBBT. 

FMooat 

Mod  of 

Cost 

ToUl 
annual  cost 

per  1^.  yttd.  ] 

vafntoiuuioa. 

per  jMT. 

per  year. 

Carey 

.    148.  9d. 

10  yra. 

Is.  5d. 

28.  lOid. 

jUpbaltic  Wood 

.    14s.  3d. 

13  „ 

Os.  7d. 

Is.  8id. 

Ligno-Uineral 

Yellow  deal 

.    lis.  6d. 

17  „ 

1h.  uj. 

l8.  9]d. 

Hard  wood. 

.    148.  Gd. 

17  „ 

08.  5]d. 

l8.  3^d. 

ImproTed  wood . 

.   Ids.  Od. 

Os.  94d. 

le.  sld» 
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Except  Carey's  Wood,  and  the  Improved  Wood,  the  cost 
for  a  foundation  of  concrete  is  included,  but  no  exoayation. 

Thai  wood  paveinent,  properly  Beasoned  and  properly 
laid,  wiiih  watertight  joints,  whether  lime-grouted  at 
asphalted,  may  last  for  many  years  without  sufPering 
decomposition,  has  been  amply  demonstrated  by  the  expe- 
rience of  Carey's  pavements  in  the  City  of  London,  which 
were  laid  in  1 841 .  In  New  York  it  was  formerly  estimated 
that  the  wood  payements  became  worn  out  and  useless 
at  the  rate  of  25  per  cent,  per  auiium.  This  failure 
arose*  not  from  simple  wear,  but  from  decay;  and  the 
process  of  disintegration  was  much  accelerated  by  the 
constant  wear  and  pressure  &om  the  wheels  of  yehides, 
and  by  the  sudden  changes  of  temperature  which  diarao- 
tise  the  climate. 

The  price  of  wood  paving  as  laid  in  the  City  of  London 
at  the  present  tune  (1901),  by  the  Improyed  Wood  Paying 
Company,  is  7«.  6d,  per  superficial  yard  for  blocks  8  ins. 
by  9  ins.  by  6  ins.  in  depth,  pickled  in  creosote  oil,  and  laid 
with  i'in.  joints,  run  iu  with  asphalte  and  coment  grouting 
and  top  dressing,  etc.  When  blocks  3  ins.  by  9  ins.  by 
5  ins.  in  depth  are  employed,  the  price  is  6<^.  per  yard 
superficial.  The  cost  of  a  bed  or  foundation  of  Portland 
cement  concrete,  floated  on  a  Arm  surface,  and  6  ins.  in 
depth  to  receive  the  blocks,  is  os.  per  yard  superficial.  The 
cost  per  sq^uare  yard  including  foundation,  but  exclusive 
of  any  exoayation  of  surface,  is  therefore  10«.  6d,  and 
9«.  6d.  respectively,  per  yard  super. 

Mr.  J.  P.  Norrington  gives  the  estimated  relatiye  cost  of 
karri,  jarrah  and  creosoted  deal  to  be  m  follows :  Karri 
blocks,  9  in.  by  3  in.  by  4  in.  deep,  price  per  yard  10s.  (W., 
estimated  duration  16  years.  Jarrah  same  sized  blocks, 
X 1  ice  per  yard  lU.  Bd,,  estimated  duration  14  years.  Deal 
creosoted  blocks  9  in.  by  3  in.  by  5  in.,  price  per  yard, 
18,  Qd,,  estimated  duration  8  years. 
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Tablb  Na  34a.~Fir8t  Cost  of  Wood  PAmrars  in  thb 

Mexsopous. — StayUm, 


Situftlion. 

Area  in 
Square 
Yaxdi. 

w  nea 

Cost  1X51 

Square 
Yard. 

i|  1 

!  Bcnarkt. 

8. 

a. 

J_luU^cltt7  XXllJ.      .  . 

1 S73 

xmpcvTeci 

18 

0 

,<Vlvitrl  f^ijilLt.  (.JUIcCt  . 

1874 

»» 

Id 

0 

^^nft' Vi  11  in  Vi*  rt 

1  J^AkV'XUOXVw 

a  ^7  AT1 11 A 

fi  ion 

xo  f  w 

>» 
»» 

15 

0 

2  177 

1876 

12 

3 

V'vUIUIIhUMU 

PflfllATnATI'f.  PifrAAi: 

1,G72 

1880 

>» 

13 

8 

3  838 

1876 

A  onkolMtft 

15 

6 

k^bltUlVl        •       •       •  • 

9  949 

1877 

99 
99 
99 

13 

6 

Fleet  Street.   .  . 

2,014 

1877 

15 

0 

JDsvuipcuu  JMNKL 

6,742 

13 

9 

187Q 

9t 

15 

4 

ft  /i7R 

1880 

l» 

12 

6 

\Mf90V 

1875 

bJ^ia  Mm.m  mm  V  m 

AenflOu  0 

16 

6 

/  On  *Xin 

i      V/XX  A/  XXI* 

4,114 

1876 

99 

16 

6 

\  ojLiixa 

I  AflHIATCllA 

1  7ftft 

X  0  1  u 

t* 

18 

6 

Oxford  Street  .  . 

6,301 

1876 

>» 
>» 

14 

0 

Fleet  Street .    .  . 

3,641 

1877 

16 

0 

1878 
xo  1 0 

f» 

12 

9 

6  000 

1880 

>f 

11 

6 

PaII  MaII 

7»600 

1870 

LIoyd»8 
Keyed  " 

8 

6 

/  On  Aviaf. 

\  xxx^  uuxi' 
1  Amtci 

X  oou 

13 

9 

2,291 
Q  061 

187n 

Ligno-mineral 

13 

6 

l^niiAn  flti'iiiiit 

1874 

13 

6 

High  Stveet,  Ken- 

1  714 

1  R77 

X  imn 

14 

0 

Fnlham  Rnad 

JL  tA**4C*AtA   ^VvCW%A  « 

1  587 

1878 

X  0 1  0 

14 

0 

tine  Hill 

7  102 

1878 

12 

6 

/  On  AvSaf 

Oxford  Sifnet ' 

1878 

i» 

8 

(ciete 

"Rrlonjirfl.Tfi  "Roflil 

AU\JLp^  TV  C«X  X3  X.WJCLKX  •  • 

14  fioQ 

1 880 

i» 

8 

H 

Sloan  e  Street   .  . 

13,624 

1879 

>> 

10 

6 

King's  Boad  ^.  . 

11,233 

1879 

i» 

1  0 

ft 

756 

1879 

l^i  f  e,li  -  Tki  n  0 
/  (^rpfiRrtfAfl  \ 

11 

8 

9» 

194 

1879 

1    blocks  f 
i  &  mastic  ^ 
I     joint  ; 

14 

2 

>» 

300 

1879 

do.  &  lime  joint 

11 

10 

ft 

131 

1879 

Aephalte  bed 
Plam 

12 

4 

F^raed  Street  .  . 

7,239 

1S79 

10 

7 
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Campaman  Mwem  Sard  and  Soft  Wood  Favmmta. — ^Mr. 
Smith,  in  drawing  a  oomparison  between  roads  paved  with 

hard  and  soft  woods,  estimates  tlie  average  life  of  deal 
blocks  to  be  seven  3^ear8,  the  cost  of  laying  the  blocks, 
exclusive  oi  foundations,  at  5«.  6d.  per  superfioial  yard, 
and  the  annual  cost  of  maintenanoe  at  5d,  per  superficial 
yard,  thus  making  the  cost  of  a  wood-paved  road,  calculated 
to  sustain  a  daily  traffic  of  1,200  tons  per  yard  width  of 
road  for  a  period  of  twenty-one  years^  1 7s.  dd.  per  super* 
fidal  yard.  In  Sydney  the  cost  of  a  similar  work  for  an 
equal  period  (exclusive  of  foundations),  in  which  Australiaa 
hard  woods  are  used,  is  only  99.  9d.  for  a  dose-jointed 
paving;  and  lOx.  M.  per  superlicial  yard  for  a  paving  ia 
which  i-inoh  or  ^-inch  bituminous  joints  are  introduced. 


Table  No.  34b.— Report  of  the  Spbciaii  Commiitee  of  thb 

PADDnraroN  Tsbi&t. 


CiaM  ot  Boad. 

Soft  wood  at  Ts.  per 
flquareTard. 

Hani  woods  at 
lis.  3d.  per  square 
yard. 

Estimated 
Lifo. 

Cost  por 

sqiriro  yard 
per  amium. 

Life  require'!  for 
co«;t  of  this  wood  to 
be  t  (^ual  to  cost 
of  soXfc  wood. 

Praed  Street    •   .    .  . 

Boads  with  heavy  traffic 
„      „    ordinazy  „ 
„      »,    light  „ 

6  yean 

6  „ 
7J  „ 

9  M 

R.  d* 
1  4*8 

1  2 
0  11-2 
0  9-3 

S  years 

n  » 

12  „ 

The  total  area  of  wood  paving  in  Paddington  is  now  about 
168,300  square  yards.  Assuming  the  average  life  of  the 
present  soft  wood  to  be  seven  years,  the  renewal  thereof, 
aocording  to  the  present  t^stem,  will  amount  to  about 

£60,500.  This  necessitates  a  yearly  expenditure  for 
renewals  of,  say  £8,750.  The  cost  of  the  renewals  with  hard 
wood  would  be,  say,  £96,800.  Allowing  the  hard  wood  a 
life  of  twelve  years  only,  the  yearly  renewals  would  cost 

X8,070,  showing  a  Baviug  of  £680  per  anuum.    A  longer 
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life  would  show  a  larger  saving.  The  oommittee,  there- 
fore, consider  they  would  be  fully  justified  in  estimating 
an  increased  saving.  There  is,  however^  no  doubt  that  on 
roads  with  heavy  traiftc  the  saving  wotild  be  very  great 
The  conunittee  consider  that  a  sum  of  £8,000  should  be 

allowed  yearly  for  tlie  mainteiiaiice  of  wood  roads,  and  in 
the  event  of  a  larger  sum  being  required  in  any  year  the 
extra  charge  be  met  by  loan.  The  London  County  Council, 
who  fully  recognise  the  economy  of  hard-wood  roads,  will, 
for  renewal  of  such  material^  grant  a  loan  of  seven  years. 

The  cost  of  the  first  wide-jointed  pavements  laid  in 
Sydney,  according  to  the  city  surveyor,''^  was  about  27«. 
per  yard  superficial,  including  all  labour,  materials,  &o*, 
and  that  of  recent  pavement  with  dose  joints  IBs.  6d.  per 
yard. 

The  cost  of  wood  pavements  constructed  of  karri,  jarrah, 
and  creosoted  deal  respectively,  as  estimated  by  Mr.  J* 
P.  Noirington,t  are  given  in  the  following  table : — 


Table  No,  34o. 


Wood. 

Area  in 
■qiuoe 
yards. 

Price 
per 
yard. 

Total 
Cost. 

I'ro- 
bable 
Dura- 
tion. 

Average 
Annual  Cost 
of  Aepayment 
of  I/MUi,  at 

3^  per  cent., 
spread  over 
period  of 
duration  of 
Wood. 

Karri  wood,  9  in.  by 
3  in.  by  4  in.  deep 

Jarrah,  9  in.  by  3  in. 
by  4  in.  deep  .  . 

Dosl  orecMtod,  9  in* 
by  3  in.  by  6  id. 

125,000 
125,000 

125,000 

a.  d. 

10  6 

11  6 

7  6 

£ 

6,662 
7,187 

4,667 

Yean. 

16 
14 

8 

iS    B.  d. 

534  12  0 
649  6  0 

680   0  8 

*  See  Jh^vettHnga  qf  ths  A$99cwiio»  of  Mumcipal  and  Cknmtf 
Mngimtn^  v«d.  xziii. 

t  See  FroettHngn  of  th$  MtocioHm  of  Mmieipui  and  Comfff 
Engineer^^  vol.  six* 
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Tablb  No.  84]>.— AmoxAL  Oon  or  Yabzoij8  Wood 


System. 


Plaia  .  •  •  . 
Heii80ii*8  .    .  . 

Plain  (pitch-pine) 
Creosoted  blocks 
^ime  joint)  . 

HsilBOIQ  8 

Plain    •   .  . 

Improved  .  . 

Asphaltic  .  . 

Plain    •    .  . 


BituaUou 


ft 


n  (asphaltiobed) 
HeBSon'fl  •  • 


»» 


Creosoted  blocks 

(maatic  joint) 
Asphaltio  . 
Improved  . 

Asphaltic  . 

Henson's  . 

Improved  . 

AflphaltiG  . 

Henson's  . 

Improved  . 

Lloyd's .  . 

Ajsphaltic  . 

HexuK]ii*0  . 
In^Koyed  . 

»  • 

(pitch  pine) 


Sloane  Street  • 
EustonBoad  . 
King's  Boad  . 


Ozloid  StE«et  (C) 

King's  Road  .  . 
Leadenhall  Stieet 
Strand  .... 
Edgware  Hoad  . 
Oxford  Street .  . 
King's  Road  .  . 
Oxford  Street  (E) 
Ozfoid  Street  ( W) 

King's  Boad  .  • 
Begent  Street.  . 

Aldersgate  Street 
Northumberland  Ayenne 
Fleet  Stroet  . 


»» 

Oxford  Street . 
Brompton  Boad 

Parliament  Street 
Regent  Street 
Oxford  Street 
Camion  Street 
Leadenhall  Street 
Ludgate  Hill . 

Piccadiny  . 
Knightsbridge 
Kaug'a  Road  . 
»»  • 


IkaAo 

might 

per  yard 
width 

per  diem 
in 
Tom. 


279 
700 
468 

407 
94S 

.5.51 

808 
1,100 

084 
1,164 

498 
1,191 

985 


Annual  cost  per 
Square  Yai^ 
for  Fast  Cost, 

Renewals, 
Bepairs,  and 
Interest  on 

Loans  (ezclu« 

ave  of 
Cleansing)  if 

spiead  over  a 

period  of  flftMft 


434 

1  10| 

658 

2 

0 

2 

0 

2 

0 

1,359 

2 

Oi 

1,165 

2 

I 

985 

2 

1 

648 

2 

1 

584 

2 

u 

1,106 
568 

2 

ll 

2 

2 

1,137 

2 

2 

1,000 

2 

1,236 
800 

2 

? 

3 

780 

3 

0 

558 

3 

2 

603 

S 

2 
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The  section  of  the  Westminster  Bridge  Eoad  amounting 
to  1,960  sq^uar©  yards,  paved  witli  jarrali  blocks  in  1889, 
cost  £lj096  lU,  9d,,  or  lU,  2*276^.  per  aquaxe  yard. 

The  coBt  of  wood  payemeutB  in  PociSi  aoooxding'  to  Mr. 
Delano,  writing  in  1884,^  was  approximately  2d  francs 

(19*.  2c?.)  the  square  metre  on  an  average.  This  price, 
however,  includes  the  Paris  octroi  upon  cement  of  12 
francs  the  ton,  and  on  wood  of  7  francs  50  oeutiiiiea  the 
cnbio  metce,  which  is  about  equal  to  !«•  the  square  yard. 

Wear, — ^In  the  City  of  London,  the  abrasiTe  wear  of  wood 
pavement  in  tlie  lines  of  traffic  has  been  ascertained,  in  a 
few  instances^  by  direct  mtd&ttiueiiient^  to  be  approximately 
as  follows 

Tablb  No.  dis. 

Wood  Fatemknt. 

1.  Adelaide  Place, 
London  Bridge  Improved  Wood  Co. 

2.  BuhopQgateSt. 

Withoat      •  do.  do. 

3.  Tower  BjU    •  Oarcj's  •      .  • 
i.  Bartholomew 

Xjane         •  do*    •     •  • 

Sm  OaTinon  Bt»    •  .  do*    •      •  • 

The  amounts  of  wear  in  the  fixate  second,  and  fifth  in* 
stances  are  practically  the  same,  namely,  *80  inch  per  year* 

The  widths  and  the  daily  traffics  at  the  placea  where  the 
measurements  were  mude,  may  be  taken,  for  the  ^t  in- 
stanoe,  at  41  feet  and  16,000  vehicles  in  12  hours ;  and  for 
the  second  instance,  22  feet  and  8,000  vehicles.  For  the 
fifth  instance,  in  Oannon  Street,  the  measurement  was  made 
just  opposite  Mansion-House  Station,  where  there  is  much 
cross  trafiio.  The  normal  traffic  is  upwards  of  6,000  vehicles, 
and  it  may  be  taken  as  double,  or  12,000  vehicles^  at  this 

*  Firoce^dings  of  tJhe  ImtituUm  Cmi  Mn^f^t^n,  1384,  vol.  IzxyiiL^ 
p.  305. 


TfaM 

Vertical  Wear. 

dovn. 

Total. 

Per  year. 

3  yrs 

i  indb 

•29  inch 

•80  „ 

«  » 

•70  M 

i  ff 

•15  „ 

i  tf 

•80  „ 
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Spot,  with  a  width  oi  30  feet.  The  comparison,  then,  stands 
thu8^ 

of  street.    TrafBc  per  day, 

1 .  Adelaide  Place  .  41  It.  16,000  Tehides,  or  dSOTehioleaper  It.  wide 

2.  BishopRgate  St. 

Without  .  .  22  ft.  8,000  „  or  364  „  „ 
6.  Oannoa  Street  .   36  It.  12,000  or  333  „ 

362 

From  these  data,  it  appears  that,  for  a  traffic  of  o(j2 
vehicles  in  12  hours  per  foot  of  width,  the  vertical 
wear  amounts  to  *dOO  inch  per  year.  The  wear  for  100 
▼ehides  per  day  per  foot  of  width,  is,  therefore,  equal  to 
(•300  X  Hi  =)  083  inch,  or  A-  inch  per  year. 

Two  trial  sections  of  Daffy* s  wood  pavement,  recently 
examined  (April,  1901),  showed  the  following  results.  One 
seetion  was  laid  in  Copenhagen  Street,  Islington,  in  August, 
1898,  with  3-indi  Jarrah  blocks.  The  Hocks  were  found 
to  have  worn  from  inch  in  the  gutter  to  ^  inch  in  the 
centre  of  the  roadway.  The  otlier  section  was  laid  in 
Bridge  Street,  Westminster,  in  August,  1899,  with  3^  inch 
blocks,  and  this  has  been  subjected  to  heavy  bus  traffic. 
The  blocks  in  this  ease  were  found  to  have  worn  uniformly 
i  inch  from  the  gutter  to  the  centre  of  the  roadway.  In 
both  these  cases  the  blocks  were  worn  perfectly  level. 

As  regards  the  maximum  wear  allowable,  in  some  in* 
stances,  ligno-mineral  and  other  wood  blocks  have  been 
worn  down  to  a  depth  of  2|-  inches  before  they  were 
removed.  Sufficient  depth  of  block  is  required  for  stability, 
in  wood-paving  as  in  stone-paving;  and,  reasoning  by 
comparison,  it  would  appear  that  there  maybe  some  mistake 
in  limiting  the  depth  to  6  inches.  The  motive  for  this 
limitation  of  depth,  it  can  hardly  be  questioned,  is  one  of 
economy  in  first  cost ;  but  it  is  to  be  observed  that  Carey*8 
earlier  wood-pavements  in  the  City  of  London,  which  had 
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8  inches  and  9  inches  of  depth,  far  surpassed  in  duration 
more  recent  pavements  having  onlj  6  inches  of  depth 
oviginaUy*  In  forecasting  the  amount  of  vertical  wear  to 
which  woodblocks  may  judiciouBly  be  subjected,  it  maybe 

premised  that,  for  equal  original  dimensions,  the  amount 
of  vertical  wear  may  be  at  least  as  much  for  wood  as  for 
stone-sets;  for  the  geometrical  form  of  the  wood-block 
admits  of  a  more  secure  and  more  permanent  joint  being 
made  than  for  the  roughly  squared  stone-set.  According 
to  Mr.  Clark  the  total  vertical  wear  may  be  taken  at 
1  inch  on  a  depth  of  6  inches,  and  4  inches  on  a  depth 
of  9  inches,  leaving  stumps  of  6  inches  to  be  removed. 
But  in  order  that  a  wood*pavement  should  be  capable  of 
undergoing  such  amounts  of  wear,  it  must  be  solidly  and 
rigidly  constructed  with  thoroughly  seasoned  close-grained 
wood  and  watertight  joints,  and  thoroughly  draiuod. 
Special  pavements^  as  already  mentioned  elsewhere,  may 
be  worn  down  very  much  thinner.  Time  nnist  also  be 
considered,  and,  in  making  estimates,  it  is  necesflary  to 
impose  a  limit  to  the  duration  of  wood,  independent  of  the 
resistance  to  wear.  In  the  following  table,  compiled  by 
Mr.  dark,  the  limit  of  endurance  is  taken  at  20  years : — 

Table  No.  35.— Wood  Pavement  : — ^EsToiiLTBD  Dubation. 

Vertioal  wear,  ^  inch  per  year  per  100  vehicles  per  day  per  foot  of 

width. 


TMBcperfootof 
iridfbi  per  year. 

6  inches.  1 

Height  of  blocks. 
7  inches.  I  8  inches.  (  9  inches. 

Maxiinuin  amount  of  vertical  wour. 
1  inch.  1  2  inches.  |  3  inches.  |  4  inches. 

Vehicles. 

Yealrs. 

Years. 

Years. 

Years. 

.  100 

12 

20 

200 

6 

12 

18 

24 

300 

4 

8 

12 

16 

400 

a 

6 

9 

12 

600 

H 

5 

7 

9i 
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TabIiI  Ho.  36a*— Lob  of  ViBzouB  Wood  FAYEiaam^SUi^taH* 


Traflac 

lifieofWoodin 

Situatioii 

per  yard 
width  per 
diem  in 
tona. 

AeHial. 

iHLpro v«a  •    •  • 

A  1     fwn  flMl  4m            ii::!  ill  ^ 



u        •    .  . 

li%  UJUXUUCTXUIIU 

ixvenue  ... 

9*0 

WlAlM  /vij4'/^Vi  T\InA\ 

X^Uilll  ^pUvU  piuo^  • 

Carey's  •    •    •  • 

wo 

0*0 

^annou  oireet 

800 

Henson'a     .    ,  . 

8*0 

^uiaBUC  juioL/  • 

8  0 

\IuII9  jQUIvl  •  • 

8*0 

A  Xaiii  •     »     «     •  • 

97Q 

8*0 

itoiimM*  0    •    •  • 

1  1Q1 

7*84 

w  ... 

7-68 

lieaaennaii  otrct/i 

1  Ann 

7-60 

MM 

^npioyed  ■   •  • 

1  *23A 

7*00 

*•  ... 

vixTora  street 

VoO 

7-00 

ixspiiaiuc  ... 

AAA 

700 

£  iQOb  oureet   .  . 

1  *lArt 
1 ,  aOU 

7*0 

aeuBOii  a    •    •  . 

»»       tt       •  • 

7-0 

Improved  •   •  . 

rBTDBtDmlX  iSCFeet 

1    1 AA 
1|  lUO 

7*0 

99             •     •  . 

iving^s  xUMUi  . 

DUO 

— 

7*0 

'Pifun 

LitL^wan)  xvunu  . 

7-0 

King's  Boad  •  . 

651 

7-0 

(asphalt  bed) 

498 

7-0 

»»••••• 

Oxford  Street 

1,164 

6-6 

Asphaltio  •   .  . 
Henson'a    .    .  • 

Biompton  Boad . 

648 

6*6 

»»  • 

584 

6*6 

Asphaltic    .    •  . 

Oxford  Street 

1,137 

6*20 

Improved    .  . 

Leadenhall  Street 

808 

60 

Asphaltio   .    .  . 

Hegent  Street 

558 

6*0 

Uord's  .... 
AsiMudiio   ,   »  . 

»»        tt  • 

6*0 

Strand  .... 

1,100 

6-50 

Improved  ,   .  . 

Kuightsbridge  . 

780 

5-50 

Lloyd'e  .   •   •  . 

PaUMaU  .   .  . 

600 
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Tajum  No.  d5B.— CoMKASixxvB  Wbab  of  Wood  Pa^ 
vtaaoMD  TO  TB&mo  Stajisasd — Stayion, 


m  48 


Weight 
per 
yard 
width 

per  day 
of  16 
hoiin. 


Depth 

of 
annual 
wear 

of 
wood. 


C'l  nn|':'il"ltive 

amiual  wear  of 
wood  as  reduced 

to  a  traffic 
standard  of  760 
tons  per  yard 
width  per  diem. 


*Fleet  Street .  . 
LudgateHUl  . 
«Oxf Old  Street  . 

•Fleet  Street .  . 
^Oxford  Street  . 

^Oxford  Street  . 

•PftrliameTit  Street 
*Leadenliall  street 
*Oxford  Street  . 

•Oxford  Street  . 
•Leadenhall  Street . 

Brompton  "Road 

Brompton  liuad 
•Edgrwaxe  BoAd. 
•Regent  Street  • 

♦Rr-srcnt  Street  • 
King's  iioad  . 


»> 
I* 


GOoaiM  Street  . 


Aaphaltio 

Improved 

HonHou*8  (east 

section) 

Hensou'n .  • 

Ikin  .   .  . 

Asphaltlo  • 

Tm  proved  • 

tienson's  .  . 

Henson's  (west 

section)  . 

HeiuoiL'B(<>o>'^M) 
Improyed 

AspTifiltic  , 
Improved. 
Heusou's .  . 
Fhdn  .  .  • 
Anphaltio 
Lloyd's  .  . 
Improved  (pitch 

pine)  .  • 
Plain  .  .  . 
Plain  (asphalte 

bed)     .  . 
Plain  (pitch  pine) 
Creosoted  ■blocks 

(mastic  juiuti  . 
Creofloted  Uoon 

(lime  joint) 
Plain  •   .  * 


tons. 

1,360 

i,m 

1,165 
1,164 
1,137 
1,106 

1,000 

985 

948 
808 
648 
603 
584 
684 
(58 
558 

558 
651 

498 
468 

434 

407 
279 


inohet. 

0-456 
0-428 

0-191 
0-269 
0-476 

0-484 
0-154 
0*204 

0*329 

0-323 
0-200 
0-373 
0-157 
0-184 
0-198 
0-286 
0-214 

0-089 
0-144 

0-139 
0-055 

0-139 

0-111 
0  065 


inches. 
0-251 

0-269 

0-120 
0-173 
0'306 
0-319 

0104 

0-198 
0*266 
0*186 

0-431 
0-195 
0-23G 
0*264 
0-384 
0-288 

0-119 
0*196 

0-209 
0088 

0-240 
0-176 


*  Woiglit  of  tralllo  taken  from  Hr.  Howorth'e  paper  in  these 


Digrtized  by  Google 


OHAPTEE  XIX. 

i 

ASPHALTE  FAVEMEKTS. 

AsPHALTE  has  already  been  defined  as  a  bituminous  lime- 
stone, and  described  as  a  natural  rock  wliick  is  mined  like 
other  minerals  Mr.  S.  Whineiy,  howerer,  in  a  paper  on 
Aiphdlie  pavmenU^^  dealing  with  American  practice,  saya : 
"An  asplialte  pavement  may  be  briefly  described  as  a  street 
pavement  of  artificial  sandstone,  composed  mainly  of  quartz 
sand  cemented  together  with  asphalte,  and  resting  upon  a 
proper  foundation*" 

ObjectimB  to  Aiphalte  0$  a  paving  matmdi*— The  greatest 
objection  to  asplialte  jiaving,  and  one  applying  more 
especially  to  that  formed  of  liquid  asphalte,  or  asphaltio 
mastic,  even  when  the  very  best  materials  only  are  em- 
ployed, is  that  no  combination  takes  place  between  the 
concrete  foundation  and  the  asphalte,  the  n&tural  result  of 
which  is,  that  the  pavement  is  liable  to  become  much  injured 
when  subjected  to  heavy  tratiic,  frequently  becoming 
cracked,  and  thus  allowing  water  to  get  between  tiie 
asphalte  layer,  or  ooyering,  and  the  concrete  bed. 

When  compressed  mastic  is  employed,  it  is  absolutely 
essential,  in  order  to  insure  the  paving  being  as  efficient 
as  possible,  that  the  layer  of  asphalte  be  as  uniform  in 
density  throughout  as  is  practically  attainable^  and  be  thus 
capable  of  distributing  the  pressure  upon  it  uniformly  in 
every  direction  as  far  as  possible.  It  is  also  necessary  that 

*  Jmmml  9f  ik§  AmdaiiM  0/  Bngintering  SocUtieB,  Pliiiadelplua» 
1894,  p.  488. 
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the  paving  or  layer  of  asphalte  should  form  a  perfect  in- 
ternal combination  with  its  concrete  fonndation-bed,  and  the 
asphalte  should  also  be  of  such  a  nature  as  to  admit  of  its 
being  laid  in  any  particular  thickness  to  meet  the  necessi- 
ties of  the  traffic  to  which  it  is  to  be  subjected. 

Unless  the  above  conditions  be  fulfilled  the  paving  will 
rapidly  become  deteriorated,  but  if  they  are  carefully 
carried  out  the  asphalte  layer  will  wear  away  in  a  fairly 
luuform  manner  over  its  entire  area  right  down  to  the 
concrete  foundation-bed,  and  this  latter  will  be  effectiyely 
protected  from  damage  tlirough  access  of  water.  Tlie 
obvious  result  of  such  a  condition  of  aflairs  woidd  be 
great  economy  both  in  the  primary  construction  and  in  tiie 
subsequent  maintenance  ol  the  paving. 

Another  objection  to  asphalte  pavement  is  that  when  the 
traffic  is  confined  to  narrow  limits  it  soon  forms  in  ruts, 
becomes  pushed  out,  and  requires  considerable  repairs. 
If  asphalte  paving  be  properly  constructed,  however,  and 
the  surface  or  wearing  coat  be  perfectly  hard,  and  not 
readily  affected  by  the  heat  of  the  sun  in  summer-time, 
and  the  traffic  be  evenly  distributed  over  a  street  of  suffi- 
cient width,  it  will  be  found  a  very  durable  pavement, 
even  for  localiliea  subjected  to  heavy  traffic.  A  street  in 
CSncinnati  paved  with  sheet  asphalte,  and  laid  on  6  inches 
of  concrete,  stood  wear  \s  ell.  It  was  iiist  thought  that  it 
would  not  be  able  to  withstand  heavy  traffic,  and,  indeed, 
for  some  time  the  contractor  had  a  considerable  amount  of 
repairs  to  execute,  as  the  foundation  sunk  in  places,  and 
these  depreedons  had  to  be  filled  with  asphalte,  but  after 

this  it  presented  as  smooth  and  firm  a  piece  of  pavement 
as  could  possibly  be  seen,  and  this  street  was  mucli  used 
by  heavy  transfer  waggons  and  trucks,  the  drivers  choosing 
the  route  because  of  the  excellent  surface  for  wheeling. 

Asphalte  should  not^  however,  be  laid  on  a  steeper 
gradient  than  1  in  60. 
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First  use  of  Asphalte  Favments. — The  emplojmeiit  of 
asphalte  for  the  carriage-way  of  streets  was  oammenoed 
in  Paris,  where,  in  1854,  the  Bue  B0rg<iTe  was  laid  with 
Val  de  Travers  asphalte.  In  1858,  three  sides  of  the 
Palais  Eoyal  were  laid  with  tlio  material,  which  was 
brought  to  the  ground  in  the  state  of  rock  crushed  into 
small  pieces,  and  was  heated  and  powdered  by  decrepi- 
tators.  The  foundation  of  concrete  was  about  6  inches 
thick;  the  asphalte  was  2*4  inches  thick  in  the  Eue  St. 
Honore  and  the  Bue  Richelieu,  and  2  inches  in  the  Eue 
de  Yalois.  The  price  was  20  franca  per  square  metre, 
or  Ida.  4d  per  square  yard.  The  success  of  these  paye- 
ments  was,  it  is  said,  complete,  in  spite  of  an  nnpropitious 
season  ;  and,  in  1859,  the  Eue  des  I'etits  Champs  was  laid, 
but  the  conditions  were  unfortunate.  The  street  had 
been  occupied  by  drainage  works,  and  had  been  filled  with 
loose  soU  to  a  depth  of  from  10  to  13  feet.  On  a  4-inch 
bed  of  concrete,  2  inches  of  asphalte  was  laid ;  the  work 
was  carried  on  in  rain  and  snow,  and  in  January  the  street 
was  opened  for  traiEc.  Cracks  in  the  roadway  immediately 
appeared,  owing  to  the  constant  wet  during  the  process  of 
laying,  and  the  settling  of  the  soil.  Each  damaged  part 
was  repaired  in  succession.  The  price  paid  for  the  work  was 
15  francs  per  srjiiare  metre,  or  10«.  J  J.  per  square  yard, 
including  the  concrete  at  2  francs  per  metre,  or  1«.  4<2.  per 
yard.  This  price  was  to  serre  as  a  basis  for  future  pro- 
posals for  re*paving  streets  with  compoimd  asphalte : — to 
the  standard  of  4  inches  of  concrete,  and  2  inches  of  asphalte. 
The  conversion  of  the  stroot-piivoments  into  asphalte  work, 
on  a  large  scale,  was  commenced  in  1867.  Seyssel-rock 
asphalte  was  laid  in  the  Bue  Bichelieu  and  elsewhere,'  and, 
according  to  report,  answered  perfectly  well. 

Foundations  for  Asphalte  Pavements. — It  has  been  already 
elsewhere  iiiontioned  that  it  is  an  absolute  necessity 
to  have  a  hrm,  solid,  and  dry  substratum  for  road 
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matanals  to  rest  upon,  la  a  paved  street  the  concrete 
foundation  is  in  reality  the  paying  itself,  the  upper 

Btratum  of  asphalte,  wood-bloeks,  or  other  material, 
being  only  the  wearing  surface,  and  it  depending  to  a 
large  extent  upon  the  former  lor  how  long  a  period  the 
load  surface  wUl  remain  in  a  good  condition* 

Whatever  may  be  the  nature  of  the  wearing  surface  of 
the  pavGmout,  it  is  sl  sine  qua  non  that  the  foundatiomipon 
which  it  is  laid  have  sti£Q.cient  strength  to  support  the 
heaviest  possible  loads  which  the  payement  is  ever  likely 
to  be  called  upon  to  bear,  and  this  foundation  must  be  as 
nearly  of  an  indestructible  nature  as  it  is  possible  to  secure 
in  practice,  so  that  it  will  remain  permanently,  and  be 
fit  for  many  years'  use,  although  during  the  period  of  its  life 
the  wearing  surface  or  asphalte  layer  be  many  times  worn 
out  and  again  renewed.  The  best  foundation  is  un- 
doubtedly one  of  cement-concrete^  and  this  diould  never 
be  less  than  6  inches  in  thickness,  and  for  heayy  traffic 
9  inches  in  thickness,  the  latter  thickness  being,  as  we 
have  before  mentioned,  used  in  Sydney  for  later  wood 
block  paving,  and  giving  incomparably  better  results  than 
the  6«inch  foundation  foxmerly  employed.  8ome  authori- 
ties, however,  recommend  6  inches  as  being  a  sufficiently 
thick  foundation  for  streets  with  heavy  traffic,  for  instance, 
Mr.  S,  Whinery,  who  says:  *  *^  The  most  efiident  founda^ 
tionfor  an  asphalte  pavement  is  a  bed  of  tilie  best  hydraulic 
concrete  extending  from  curb  to  curb,  which  in  streets 
with  heavy  traffic  should  be  6  inches  thick.  For  suburban 
streets  4  inches  of  good  concrete  will  suffice  to  give  satis- 
f  actoiy  results." 

The  first  operation  is  to  excavate  the  roadway  to  the 
proper  depth,  and  the  next  should  be  to  well  roll  it  with  a 
heavy  roller  before  putting  down  the  concrete.  The 

*  See  Journal  ikt  AuoekUian  {f  Bngineeriim  Soviet,  Phila- 
delphia, 1891. 
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concrete  being  laid  should  likewise  be  thoroughly  rolled, 
and  permitted  to  become  perfectly  set  and  made  as  compact 

and  smooth  as  possible  before  the  wearing  surface  is  added. 
The  necessary  degree  of  exactness  of  surface  is  best  insured 
by  the  use  of  a  templet  which  reaches  from  the  centre  of 
^e  road  to  the  line  of  the  curb^and  the  concrete  diould  be 
made  to  correspond  accurately  to  this  temptet,  so  that  it 
will  have  a  practically  uniform  and  solid  surface  which  will 
not  be  liable  to  settle  unevenly  at  any  particular  point. 
The  most  usual  practice  in  this  country  is  to  lay  the  concrete 
fonndatioiL  without  any  rolling  either  of  the  ground 
surface  or  of  the  concrete,  the  latter  being  only  patted 
down  in  a  very  superficial  manner  with  shovels.  Indeed, 
there  can  be  no  doubt  that  the  early  failures  of  many 
pa^g  works  are  due  to  the  careless  manner  in  which  the 
concrete  foundations  are  laid.  In  the  dty  of  New  York 
much  of  the  asphalte  pavement  has  been  laid  upon  a 
foundation  consisting  of  old  stone  paving  blocks,  and 
several  macadamized  streets  have  been  also  covered  with 
asphalte. 

In  the  city  of  Washington*  many  miles  of  asphalte  and 

coal-tar  pavement  have  been  laid  down,  and  probably  in 
no  other  city  are  such  smooth  and  well-kept  streets  to  be 
seen.  In  Pennsylvania  Avenue  there  was  in  1890  asphalte 
pavement  which  had  been  laid  seventeen  years,  and  which 
even  then  was  in  fair  condition.  In  1 888  Washington  had 
74^  miles  of  asphalte  and  coal-tar  distillate  pavements, 
2H  miles  oi  granite,  12^  miles  of  cobble  and  blue  rock, 
and  8  miles  of  macadam.  iThe  assistant  engineer  in  charge 
of  street  improyements,  Captain  Symons,  vziting  some  ten 
years  ago,  recommends  the  coal-tar  distillate  pavement, 
with  asphaltum  surface,  as  the  best  and  most  durable  for 
the  use  to  which  it  is  put.  An  asphalte  pavement,  he  says, 

*  Reports  of  the  Committee  of  One  Hundred  on  Street  Paving. 
City  of  Dayton,  Ohio. 
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should  be  constructed  on  a  concroto  foundation,  the  trouble 
heretofore  experienced  being  from  the  use  of  foundations 
leas  uByieldiDg.  The  asphalte  laid  on  this  is  from  2  to  2i 
inches  thick,  and  is  composed  of  sand  and  stone  with  from 
5  to  1 5  per  cent,  of  asphaltum,  used  simply  as  a  binding 
material. 

The  surveyor  of  Bochester,*  N. Y.,  also  writing  some  ten 
years  back,  gives  asphalts  or  vulcanite  the  preference  for 
botih  heavy  traffic  as  weill  as  light  traffic,  stating  that  as 

far  as  liis  experience  extends,  it  is  less  expensive  to  keep 
in  repair  than  stone  blocks  or  setts,  and  ease  of  traction  is 
very  much  in  its  favour. 

From  ike  above  it  will  be  seen  that  a  practically  uniform 
system  is  now  employed  for  laying  asphalts  pavement  in 
all  cities,  viz.,  a  solid  Led  of  concrete  is  used  for  a  founda- 
tion, upon  which  the  asphalte  wearing  surface,  about  2^ 
inches  intliickness,  is  laid,  the  greatest  care  being  requisite 
in  the  careful  preparation  of  the  surface.  The  procedure 
of  the  various  companies  employing  natural  asphalte  is 
briefly  as  follows  :  The  natuinl  asphaltic  rock,  in  the  same 
state  in  which  it  is  quarried  out  of  the  mines,  is  broken 
up  in  a  stone-breaking  machine  into  pieces  of  about  3 
inches  square.  These  pieces  ace  then  further  reduced  in 
size  by  passing  them  through  a  machine  provided  with 
toothed  rollers,  and  finally  are  thoroughly  disintegrated  in 
a  machine  having  smooth  rollers.  The  powdered  asphalte 
thus  produced  is  then  heated  in  rotating  cylinders  to  a  tem- 
perature of  about  280  degrees  Fahrenheit,  and  is  trans- 
ported in  carts  to  the  streets  where  it  is  to  be  used,  and  is 
there  spread  upon  the  concrete  foundation,  and  raked  with 
heated  iron  rakos  until  it  forms  a  layer  of  loose  powder  of 
an  imiform  depth  of  about  twice  the  thickness  which  it  is 
to  be  when  compressed,  and  the  latter  operation  is  then 

*  Bcports  of  the  Ck»mmittee  of  One  Hundred  on  Street  Paving. 
City  of  Dayton,  Ohio. 
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rapidly  performed  by  pounding  wiih  heated  iron  rammenu 
At  a  certain  stage  the  surface  is  lightly  dusted  with 

hydraulic  coment,  after  which  the  pounding  is  continued 
untU  such  time  as  the  paTement  is  found  not  to  give  any 
more  beneath  the  rammer. 

AsPHAiiTE  Pavements  in  the  City  of  London. 

The  first  pavement  in  asphalte,  laid  in  the  City  of 
London,  was  laid  of  compressed  Val  do  Travers  asphalte, 
in  Threadneedle  8treet,  near  Finch  Lane,  in  May,  1869. 
The  next  pavement  was  laid,  in  October,  1870,  in  Cheap- 
side  and  the  Poultry.  Asphaltic  pavement  was  rapidly 
extended  to  other  streets  in  the  City,  until,  at  the  end  of 
1873,  the  total  area  of  carriage-way  covered  by  asphalte 
amounted  to  about  61,000  square  yards,  extending  over 
7,484  lineal  yards,  or  4 J  niiius,  of  thoroughfare,  i'rom 
these  data»  it  appears  that  the  average  width  of  car- 
riage-way so  laid  was  24  feet  4  inches.  The  details  are 
given  in  a  following  table.  Meantime,  the  various  kinds 
of  asphaltic  pavements  that  have  been  laid  and  tried  in 
the  aty  of  London^  are  now  to  he  described.  The  par- 
ticulars for  description  have  been  gleaned,  for  the  most 
part,  fi'om  CoLniol  Haywood's  reports. 

Vol  de  Travers  Compressed  Asphalte  Pavement. — Carriage- 
ways are  constructed  with  a  foundation  of  concrete,  of 
from  6  to  9  inches  in  thickness,  according  to  the  traffic  in 
the  stroot.  Tho  rock  in  its  natural  stato  is  hrukon  up  and 
reduced  to  powder  by  exposure  to  heat  in  revolving  ovens. 
It  is  then  lodged  in  iron  carts  with  close-fitting  covorfl, 
and  brought  upon  the  ground,  taken  out,  laid  over  the 
surface,  and,  whilst  hot,  compressed  witli  heated  irons  into 
a  homogeneous  mass  without  joints.  The  finished  thick* 
ness  is  from  2  to  2^  inches,  according  to  the  traffic,  and 
the  material  is  farther  compressed  and  consolidated  by  the 

ft 
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action  of  the  traffic :  by  aa  mucli  as  20  or  25  pei*  cent., 
according  to  the  etatements  of  the  Company. 

The  pavement  laid  in  Threadneedle  Street^  already 
noticed,  was  laid  on  a  foundation  of  concrete  8  inches 

thick ;  a  coating  of  mastic,  ^-inch  thick,  was  laid  over  the 
concrete,  and  over  this,  2  inches  of  Val  de  Travers  com- 
pressed asphalte.  The  mastic  was  applied  to  expedite  the 
work ;  but  it  has  not  been  used  in  any  other  pavement 
formed  in  the  City. 

The  next  pavement  that  was  laid, — in  Cheapsido  and 
the  Poultry, — was  2^  inches  thick,  with  a  foundation  of 
concrete,  9  inches  thick.  The  cost  was  U.  per  square 
yard  for  concrete,  and  16«.  3d.  for  asphalte;  together,  18«. 
per  square  yard. 

Fal  de  Drovers  Mastic  Asphalte  Favement, — In  laying  this 
pavement,  the  rock  is  ground  to  a  fine  powder,  and  placed 
in  caldrons  on  tlio  ground,  with  an  addition  of  from  5  to 
7  per  cent,  of  bitumen.  When  heated,  it  becomes  semi- 
fluid ;  then,  60  per  cent,  of  grit  or  dry  shingle  is  added  to 
the  melted  mass,  and  after  having  been  thoroughly  mixed, 
the  conipuund  ib  spread  over  the  bed  of  concrete  in  one 
layer.  In  March,  1871,  George  Yard,  Lombard  Street,  was 
paved  ^ith  this  mastic  asphalts,  in  a  layer  1^  inches  thick, 
on  a  bed  of  concrete  6  inches  thick.  The  price,  including 
concrete,  was  I2s.  per  square  yard. 

Linwier  Mastic  Af^phalie  Pavement, — Tho  rock  is  ])roken 
up  and  mixed  with  clean  grit  or  sand,  of  different  sizes, 
according  to  tho  place  in  which  the  pavement  is  to  bo  laid. 
A  small  quantity  of  bitumen  is  added  to  the  materials. 
The  mixture  is  heated  and  made  liquid  in  caldrons  on  tho 
spot,  and  the  compound  is  run  over  the  surface  of  the 
foundation  of  concrete,  and  smoothed  with  irons  to  tho 
required  profile.  It  is  run  in  two  layers,  tlie  lower  of 
which  is  made  with  grit  of  a  larger  f^izo  than  that  oi  tho 
upper  layer.  The  total  tliickness  of  asphalte,  wheu  finished, 
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is  from  li  to  2  incheSy  according  to  the  tra£io.  Tliis 
asphalte  was  first  laid  in  Lombazd  Street^  and  the  payement 
was  finished  in  May,  1871.   The  oonorete  waB9 inches,  and 

the  asphalte  2  inches  thick.  The  price  of  the  concrete 
was  28.  Sd.,  and  of  the  asphalte  I3s,  4d. ;  together,  16«.  per 
square  yard. 

Bam^fB  Liquid  Iran  A^kaUe  JPammi.'^Tim  is  made 
either  of  natural  or  artifldal  asphalte,  mixed  with  pulverised 

iron  ore  or  sesqui-oxide  of  iron,  and  a  small  proportion  of 
mineral  tar.  The  materials  are  heated  in  a  caldroni  and 
melted,  then  run  over  the  surface,  and  smoothed  like  other 
liquid  asphaltes.  The  usual  thickness  is  2}  Inches.  It  was 
first  laid  in  Moorgate  Street,  in  October,  1871.  The  price 
was  135.  Gd.  per  square  yard,  exclusive  of  foundation. 

FaUnt  British  Asphalte  Pavement, — This  pavement  does 
not  contain  any  natural  asphalte.  It  is  composed  of  cer- 
tain oils,  caustic  lime,  pitch,  sawdust,  and  iron  slag  or 
grit  ground  to  a  powder.  The  mixture  is  heated  in  a 
boiler,  and,  in  a  semi-liquid  state,  run  over  the  surface  of 
a  bed  of  concrete.  This  pavement  was  laid  next  the 
Trinidad  asphalte,  in  Princes  Street,  in  July«  1872,  at  the 
price  of  12*.  per  square  yard.  By  the  month  of  December, 
it  had  suffered  severely  from  the  ^Year  uf  the  traffic,  by 
which  it  was  pulverised ;  and,  after  having  been  repaired, 
ineffectually,  it  was  taken  up  in  the  same  month  and  re- 
placed by  the  Yal  de  Travers  Asphalte. 

Monimiier  Compressed  AsphalU  PavemenL^^Si^  is  a 
natural  asphalte  froru  the  mines  of  Montrotier,  in  the 
department  of  Haute  Savoie,  Prance.  It  was  laid  as 
heated  powder,  in  Princes  Street,  at  the  north  side,  and 
compressed  with  rammers  in  the  same  manner  as  the  Yal 
de  Travers  asphalte.  The  work  was  completed  In  August, 
1872.   Price  15*.  per  square  yard. 

The  compressed  asphalte  of  the  Socieie  Franqaise  des 
A^halU  is  brought  from  the  mines  of  Garde  6ois  in 
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Seyesel.  It  was  laid  2|  inches  in  tliickness,  in  Princes 
Street;  in  July,  1872,  on  9  inckes  of  concrete.  The  price 
i?as  14$*  9d,  per  square  yard. 

J£ae»iu  Cmpomd  Ai^k0U$,—l!biB  asphalte  is  brought 
from  mines  at  Maestu,  in  Spain.  The  pavement  is  formed 
of  blocks  of  asphalte  compressed  into  the  shape  of  bricks, 
about  6^  inches  widOy  2^  inches  thick,  and  13  inches  long, 
laid  on  a  bed  of  ooncretOy  and  the  joints  grouted  with 
bitumen.  This  pavement  was  laid  in  Threadneedle  Street, 
in  December,  1871,  at  the  price  of  125.  per  square  yard. 
It  failed  at  places,  owing  to  defective  concrete ;  and,  after 
having  been  repaired,  it  was  taken  up  in  Januaiji  1872, 
H  month  after  it  was  laid* 

8t&ni$  8lipU$$  AiphalU, — A  foundation,  9  inches  thick, 
is  composed  of  a  peculiar  cement,  compressed  while  in  a 
fluid  state  by  machinery,  under  a  pressure  of  112Ibs.  per 
square  inch*  A  layer  of  asphalte^  2^  inches  thick,  in  a 
heated  state,  wa«  laid  on  this  foundation ;  it  was  com* 
posed  of  tar,  cement,  sand,  and  lead-ore,  subjected  to  com- 
pression as  the  concrete  was.  A  specimen  of  the  pave- 
ment was  laid  in  King  William  Street,  near  Nicholas 
Lane,  in  July,  187d ;  but  it  failed  to  sustain  the  traffic, 
and  was  taken  up  in  September,  after  having  been  down 
only  5  or  G  weeks. 

BenyidVs  Foothold  Metallic  Asphalte, — This  pavement  con- 
sisted of  blocks  about  2  feet  square  and  4  inches  thick. 
The  lower  portion— 3  inchee  ^ck — of  the  blocks  is  com- 
posed of  British  manufactured  asphalte  and  burnt  ballast. 
The  superstratum  of  the  blocks,  1  inch  thick,  is  composed 
of  foreign  asphalte,  bone-dust,  sulphate  of  lime,  and  cer- 
tain metallic  substances,  including  lead.  The  strata  were 
fused  together.  Portions  of  the  superstratum,  6  inches  in 
diameter,  at  8  ^ -inch  centres,  were  raised  above  the  general 
level  of  the  surface,  and  made  hard  by  eomo  process,  with 
the  object  of  increasing  the  wearing  powers  of  the  pave- 
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meat,  and  to  preserre  its  convezity.   A  speoiinen  ol  &lb 

pavement  was  laid  in  King  William  Street,  near  Nicholas 
Lane,  in  October,  1873;  but,  failing  to  sustain  the  traffic, 
it  was  taken  up  in  January,  1874,  alter  having  been  down 
three  montha. 

ZiUte^i  CmponU  Pdvmmt — This  pavement  was  oom- 

posed  01  asplialte,  wood,  and  broken  granite.  A  specimen 
for  trial  was  laid  in  Lombard  Street. 

MeLonnell^s  AdamantMn  Cimcrete  PavmefU^^TldAmaJtmjBX 
was  composed  of  blocks  made  of  broken  stone,  chalk,  lime, 
and  day,  mixed  with  Tegetable  or  mineral  pitch  or  tar. 
A  portion  of  the  carriage-way  of  Carter  Lane  was,  in 
April,  1869,  paved  with  this  material.  The  blocks  were 
18  inches  long,  12  inches  wide,  and  6  inches  deep ;  they 
were  laid  with  |-inch  joints,  upon  a  solid  foundation, 
and  run  up  with  an  asphaltic  composition.  The  price 
was  205.  per  square  yard.  The  pavement  showed  a 
serious  degree  of  wear  at  the  end  of  the  first  year  after 
it  had  been  laid ;  and  at  the  end  of  18  months  it  had  to 
be  extensively  repaired  by  the  contractor,  according  to  the 
terms  of  his  contract.  In  1872,  it  was  in  suck  a  bad  con- 
dition, that,  not  having  been  repaired  by  the  contractor, 
it  was  taken  up  in  September  of  the  same  year,  after 
having  been  down  3  years  and  5  months.  The  traffic  of 
the  Lane  did  not  exceed  700  vehicles  in  24  hours. 

Whinery'a  Asjjhalte  Pavement. — This  pavement,  which  con- 
sists of  quartz  sand  cemented  together  with  asphalte,  is  to 
bo  laid  according  to  the  following  directions* :  '^The  sand 
should  be  quite  £ne,  vdth  grains  of  various  sises  and 
having  sharp  edges.  Limestone  should  be  ground  to  an 
iiiijjaijjable  powder,  and  residuum  petroleum  oil  should 
be  mixed  with  the  asphalte.  The  refined  asphalte  is 
melted  and  brought  to  a  temperature  of  about  800  degrees 

*  See  Jmrnal  of  tk$  Aua^im  9f  Btiffimwimg  M#li«f,  Hiila* 
dalphia,  18M. 
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Falirenlieity  and  after  adding  about  17  per  cent,  of 

residuum  oil  in  order  to  soften  it,  the  whole  should  be 
thoroughly  mixed  by  blowing  air  into  the  bottom  of  tho 
vessel  in  -which  the  oompositioii  is  heated.  The  air 
keeps  the  fluid  mass  in  constant  motion,  thus  seouziDg 
the  most  perfect  combination  of  ^ke  two  materials,  and 
the  resulting  compound  is  called  asphaltic  cement.  The 
selected  sand  is  also  dried  and  lieated  to  a  temperature  of 
about  ^20  degrees  ^Fahrenheit  in  revolying  drums  placed 
in  a  fumaoe  suitable  for  the  purpose,  and  all  grains* 
pebbles,  fto.,  above  a  given  size  should  be  removed  by 
screening.  The  necessary  amount  of  pulverised  limestone 
is  then  added  to  the  sand,  and  the  several  ingredients, 
in  the  proportion  of  77  parts  by  weight  oi  sand,  10  of 
limestone,  and  13  ol  asphaltic  cement,  are  next  poured 
into  a  mechanical  mixer  with  two  sets  of  interlocking 
revolving  blades,  which  very  thoroughly  mix  tho  materials 
witli  each  otlier  in  about  one  minute;  after  which  it  is 
conveyed  in  carts  to  the  street  and  laid  upon  the  previously 
prepared  foundation  in  two  successive  layers,  ol  which  the 
lower  is  called  the  cushion  coat  and  made  about  5  percent, 
richer  in  asphalte  than  the  surface  coat.  After  being 
evenly  spread  over  the  surface  with  shovels  and  rakes, 
each  layer  should  be  successively  compressed,  hrst  by  a 
hard  roller,  and  then  by  a  steam  roller  weighing  from  5 
to  10  tons,  the  rolling  being  continued  as  long  as  the  roller 
will  make  tlio  slightest  impression  on  tho  surfaco.'* 

Trinidad  Asp^mlU  Favement  —  Trinidad  asj^halte  comes 
from  the  Pitch  Lake  in  the  Island  of  Trinidad,  in  tho 
British  West  Indies,  and  is  the  property  of  the  British 
Government.  Under  a  concession  from  the  Crown  the  New 
Trinidad  Lake  Aspiialtc  Company,  Ltd.^  has  the  riglit  to  dig 
and  export  this  Asphalte  upon  paying  a  royalty  and  export 
duty  of  68.  6d.  per  ton,  and  as  the  amount  paid  last  year 
(1900)  to  the  Grown  reached  the  respectable  sum  of  £46,000, 
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it  will  be  seen  that  the  company  is  doing  a  considerable 
amount  of  buaineas. 

As  oxiginally  laid  ilus  pavement  consisted  of  a  compound 
of  Trinidad  pitch,  broken  stone,  chalk,  and  other  ingredients 
conmiiiiuted  and  mixed  together,  and  laid  as  a  heated 
powder.  A  piece  of  this  pavement  was  laid  in  Princes 
Street,  in  June,  1872»  for  which  the  price  was  10«.  Sd»  per 
square  yard.  This  pavement  showed  signs  of  wear  directly 
it  was  opened  for  trafRc.  It  was  continually  under  repair, 
but  it  got  cut  to  pieces,  and  was  taken  up  in  the  end  of 
October,  and  replaced  by  Yal  de  Travers  Asphalts. 

Oampressed  Trinidad  asphalte  roads  are  now  laid  as 
follows;  asphalte  surface,  H  inches;  binder  (bituminous 
t(jDcrete),  1  inch  ;  Portland  cement  concrete,  5  inches.  This 
asphalte  is  laid  hot,  raked  into  position,  then  compressed 
by  rolling  to  the  required  thickness* 

The  asphalte  surface  analyses  as  follows :  asphaltic 
cement,  12  to  15  per  cent;  sand  and  other  mineral 
material,  88  to  85  per  cent. 

Compressed  Trinidad  asphalte,  with  a  binder  course,  can, 
it  is  claimed,  also  be  laid  with  the  advantage  of  economy 
on  existing  roadways,  where  suffioientLy  sound  to  be  used 
as  a  foundation. 

Mastic  Trinidad  as])halte  is  composed  of  10  to  15  per 
cent,  of  Trinidad  bitumen  with  the  usual  proportions  of 
mineral  matter. 

Compr099id  AiphaiU  Bheh  P<imsm»^.— Another  type  of 
asphalte  pavemout  which  has  been  tried  with  considerable 
success  in  this  country  and  abroad,  is  that  known  as  tho 
Sanitary  Block  Pavement,  ^hich  is  manufactured  by 
the  Sanitary  Block  and  Tile  Pavement  Company,  Ltd., 
London  and  Briton  Ferry,  South  Wales.    These  paving 

blocks  aiu  made  uf  crushed  stono  and  Trinidad  asphalte 
subjected  to  a  heavy  preasiu-e  in  a  powerful  press.  Tho 
pxooe&s  of  manufacture  is  simple.    The  crude  asphalte 
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having  been  dried,  is  oombined  with  the  requisite  flux  to 
ioxm  tibie  asphaltlo  cementi  which  is  mechanically  mixed 
in  a  thorough  manner  with  crashed  trap  rook  at  a  temper- 
ature of  300  degrees  Fahrenheit.  The  material  is  taken 
to  the  press  at  this  temperature,  and  each  block  is  subjected 
to  the  high  pressure  oi  120  tons.  The  blocks  on  leaving 
the  press  are  slowly  cooled  by  means  of  a  water  bathi  after 
which  they  are  ready  for  use.  The  sizes  made  are  4  inches 
hy  12  inches,  by  4  inches  deep,  and  4  inches  by  12  inches, 
by  3  inches  deepi  and  the  iirst  weigh  18  lbs.  and  the  second 
13i  lbs.  each*  One  cubic  foot  of  sanitary  block  paving 
weighs  165  lbs.,  the  weight  of  solid  nncroshed  granite,  and 
the  specific  gravity  of  the  block  is  2.63.  An  advantage 
possessed  by  these  paving  blocks  is  that  they  will  obviously 
be  all  of  the  same  material,  sizCi  pressurci  weight,  and 
cdonr. 

This  type  of  paving  has  been  laid  at  the  Marble  Arch, 

at  the  entrance  to  Hyde  Park,  and  in  Carlos  Place,  the 
trafiB.c  at  both  which  places  is  exceptionally  heavy,  that  at 
the  latter  being,  according  to  official  flgnres,  6,000  vehicles 
per  day  of  twelve  hours.  The  pavement  in  Oarlos  Place 
has  been  now  laid  over  three  years,  has  required  no  repairs, 
and  shows  scarcely  any  traces  of  wear.  It  is  stated  that 
at  a  point  where  the  traihc  is  heaviest  some  blocks  have  j  ust 
been  removed,  and  the  sand  cushion  beneath  was  found 
to  be  perfectly  dean,  dry,  and  sweet,  and  the  surface  of 
the  blocks  themselves  was  found  to  be  worn  away  but  very 
slightly. 

In  the  City  of  New  York,  as  also  elsewhere  in  America, 
very  satisfactory  results  are  also  said  to  have  been  attained 
with  this  pavement,  and  it  is  employed  on  grades  up  to 

0  per  cent.,  whilyt,  owing  to  its  more  slippery  nature,  sheet 
asphalte  is  limited  to  grades  of  2*5  per  cent.  The  pave* 
mentis  found  to  be  comparatively  noiseless,  and  exceed- 
ingly saaitaryi  being  completely  &on*ab6orbent,  and  as 
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the  blocks  are  redangular  in  shape  and  laid  closely  together 
the  joints  soon  become  closed  by  the  welding  aetion  of  tiaffic 
on  the  elastic  material,  so  as  to  obviate  the  absorption  of 

noxious  liquids,  and  subsequently  the  consequent  exhala- 
tion of  e£Q.uYia  and  contaminating  vapours.  The  blocks 
are  said  to  be  entirely  nnaffected  by  temperature,  and  have 
been  laid  in  tropical  places*  such  as  Havanay  and  in  North 
America,  in  which  latter  place  they  are  subjected  to  a  long 
and  severe  winter,  with  equally  successful  results.  In  cold 
climates  the  fact  that  they  are  not  affected  by  rime-frost  is 
a  great  advantage,  as  it  does  away  with  a  danger  to  heroes 
to  which  other  pavements  are  more  or  less  subject  in  the 
cold  secason,  and  onablos  sanding  and  giavelling  to  be 
dispensed  with. 

The  tenacity  of  the  asphaltic  cement,  by  means*  of 
which  the  trap-rode  is  bound  together,  is  very  great,  and  it 
is  stated  that  blocks  have  been  subjected  to  a  compression 
test  of  50  tuiis  on  tlio  surface,  whilst  their  sides  were 
absolutely  unsupported,  and  that  they  exhibited  no  signs 
whatsoever  of  the  enoi-mous  pressure  to  which  they  had  been 
subjected,  except  a  slight  hair  crack  at  their  extremities. 
It  may  also  be  mentioned  that  the  material  is  said  to  be 
satisfactorily  proved  neither  to  swell  nor  to  shrink. 

QrmiU  Favements  with  Asphalte  Joints. — Asphaltic  joint- 
ing for  granite  setts  has  been  successfully  used  for  many 
years  in  Liverpool,  Manchester,  and  other  l^orthem  towns. 
In  first-class  streets  in  the  former  city  granite  or  syenite 
setts,  ol  inches  by  3^  inches  by  6  inches  in  depth,  are  laid 
in  regular  straight,  properly  bonded  courses,  and  with 
dose  joints.  The  joints  are  filled  with  hard,  dean,  dry, 
shingle,  the  setts  being  well  rammed,  and  fresh  shingle 
added  imtil  the  joints  are  full.  A  hot  mixture  of  coal- 
pitch  and  creosote  oil  is  then  run  into  the  joints,  and  the 
entire  pavement  is  top  dressed  with  half  an  inch  of  sharp 
gravel.   In  streets  liable  to  heavy  traffic  setts  7i  indies  in 
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deptu  are  naed.  Triala  were  made  of  asphalte  jointing  for 
granite  sets  in  London.  A  portion  of  Duke  Street,  Smith* 

field,  was  paved  with  Carnarvon  granito  sets,  3  indies 
wide,  6  inches  deep,  and  6  inches  long.  They  were  laid 
with  l-inch  joints^  which  were  filled  with  small  clean 
pebbles,  and  run  up  with  a  composition  of  pitch  and 
oil  boiled  together.  The  work  was  completed  in  May^ 
1868. 

A  piece  of  Aberdeen  granite  pavement  was  laid  for 
comparison  at  the  same  time,  contiguously,  in  the  same 
street.  The  sets  were  3  inches  wide,  and  7  indies  deep, 
and  were  jointed  with  lime-gront,  in  iLo  usual  manner. 

In  1871,  the  two  pavements  were  in  nearly  the  same 
condition;  but  the  lime-grouted  pavement  showed,  if 
anydiing,  the  greater  amount  of  wear: — ^the  difference 
having  been  ascribed  by  Colonel  Haywood, — no  doubt 
correctly, — to  the  comparative  softness  of  the  Aberdeen 
sets.  Both  pavements  were  removed  in  May,  1873,  after 
ft  five-years'  trial,  and  replaced  by  wood. 

Another  piece  of  this  kind  of  paving,  formi d  with 
Aberdeen  giauito  sets,  3  inches  wide  and  9  inches  deep, 
was  laid  in  St.  Paul's  Churchyard,  at  the  east  end,  in 
April,  1870,  and  removed  in  December,  1875,  after  having 
been  down  5  years  and  8  months.  During  this  time,  no 
repairs  were  done  to  the  pavement.  For  tlie  first  three 
years^  the  surface  continued  in  very  good  condition ;  after- 
wards, it  gradually  feU  into  disrepair,  and,  in  the  last  year, 
it  was  in  a  very  bad  btatr .  Small  repairs  were  not  done  to 
it,  in  the  way  customary  with  lime-grouted  sets,  by  reason 
of  the  difficulty  and  expense  of  taking  up  and  relaying 
small  detadbed  portions : — which  required  a  boiler  and 
special  apparatus  to  be  brougiit  to  tlie  ground. 

Colonel  Kay  wood  reported  that  all  the  asphalte-jointed 
granite  pavements  were  noisier  and  less  pleasant  to  travel 
over  than  the  pavements  grouted  with  lime. 
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The  following  table,  No.  36,  gives  tlie  length,  and  area 
of  carriage-ways  paved  with  asphalte,  at  December,  1873. 
Siaoe  this  date,  Beyeral  additional  pavementB  ia  asphalte 
have  been  laid. 


Tablb  No,  36.— City  of  Lonuon. — Extent  of  Asphalts  Ca&eiaob* 
WAY  Pavements,  at  B&cbmbek  31,  1873.* 

(CoLo.NKL  Haywood. ) 


PiBvtniBiki* 

Number 
of  sb«et8. 

Length. 

Ana. 

Val  de  Trnyers,  compressed. 

20 

Yardg. 

Square  yds. 

4,18.5 

34,876 

Val  de  Travers,  mastic        .  . 

1 

69 

232 

Liinmer,  mastio  .... 
Harnett's,  mastio .... 

8 

1,446 

8,477 

6 

1,705 

16,644 

Soclete  Fran^alae,  oomprassed  1 

(Seyssol)  .       .       .       .  j 

1 

39 

327 

Montcotier,  compressed      *  • 

1 

40 

346 

Total  nnmber  of  payements  . 

87 

7,484 

60,802 

From  the  experimental  lesolts,  it  is  apparent  that  none 
of  the  early  preparations  of  asphalte  compounds  could  com- 
pete successfully  with  simple  asphalte  as  a  material  for 
roadways.  Experience  lias  amply  confirmed  Colonel  Hay- 
wood's belief,  expressed  in  his  report  of  July,  1871  : — 
<<It  has  been  seen/'  he  says,  referring  to  the  Yal  de 
Travers  compressed  asphalte  and  liquid  asphalte,  the 
Limmer  mastic,  and  Barnett's  iron-asphalte  mastic,  **  that 
the  modes  of  compounding  and  forming  the  asphalte  pave- 
ments differ  materially,  the  one  being  a  mineral  unmixed 
and  laid  in  a  state  of  diy  heated  powder,  the  other  three 
being  composed  of  asphalte  largely  mixed  with  grit,  sand, 
rnicl  other  ingredients,  and  laid  in  a  heated  liquid  state. 
There  is  consequently  a  marked  difference  between  their 
structures;  and  I  incline  to  the  belief  that  the  asphaltes 
*  For  Note  to  this  TaUo;  see  p.  811. 
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which  will  form  the  most  durable  pavements  for  cairiage- 
wa  JB  are  those  capable  of  being  laid  and  compressed  in 

the  sliapo  of  lieated  powder.** 

In  a  report  by  Colonel  Haywood,  dated  April  18,  1873, 
he  described  the  condition  of  the  pavements  laid  in  the  City 
of  London^  at  the  let  March  of  that  year,  from  which  the 
following  table,  No.  37,  has  been  compiled.  Portions  of 
60II1G  of  tliu  pavemcjits  were  cut  out  under  his  directiou, 
in  order  to  ascertain  wiiether  they  had  lost  materially  in 
thickness.  There  is  no  doubt,"  he  says,  '^that  the 
asphaltes  have  somewhat  diminished  in  thickness  under 
the  wear  of  the  traffic,  but  owing  to  inequalities  when  they 
were  first  laid,  and  to  the  compression  which  takes  place 
in  all  those  laid  in  the  shape  o£  heated  powder,  it  would 
be  difficult  to  ascertain  the  exact  wear  without  making  a 
very  large  number  of  openings.'' 

I3y  holes,**  or  "short  holes,"  in  the  table,  it  was  not 
meant  that  the  asphaltes  were  worn  down  to  the  concrete 
foundation.  The  larger  holes  upon  compressed  asphalte 
are  in  most  cases  depressions  caused  by  the  traffic,  and  do 
not  necessarily  indicate  surface  wear.  In  the  mastic  as- 
phaltes, on  the  contrary,  they  are  for  the  most  part  the 
result  oi  disintegration  and  wear  of  the  surface. 

Minute  holes  are  noticeable  in  compressed  asphaltes 
shortly  after  they  are  laidi  which  seem,  after  a  time,  to  close 
up  or  disappear,  whilst  others  open.  The  cause  of  this 
"flow  of  solids,"  which  Colonel  Haywood  thinks  may  be 
due  to  the  presence  of  foreign  substances,  or  of  moisturo 
from  the  foundation,  has  not  yet  been  satisfactorily  ex- 
plained. 

The  lengths  of  time  during  which  these  asphaltes  had 

been  down,  at  the  date  of  the  inspection,  were  3  years 
and  9  months  for  one,  2  years  aud  2  months  for  two, 
less  than  2  years  for  eighteen^  less  than  1  year  for  four, 
and  less  than  6  months  for  five. 
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Yaxi  SB  Tbatxbs 


LOOALRT. 

^  . 

cJ  g  oi 

s  ^  S 

VehiclMinlS 
hiNiiB  in  1872^73. 

Time 
down  at 

Total. 

Per  foot 

lEwlClUl 

Mftrch  la 

Poultry :  next  kerb,  general  surface 

22 

Vehi- 
cles. 
7,997 

Vehi- 

des. 

363 

Yrs.  Mob. 
2  2} 

Ok  upside  I    next  kerb^  general 
suriaco. 

30 

8,949 

298 

2  2t 

Old  Broad  Siveet  •      •      •  • 
New  Broad  Street  .      •       •  • 
Throgmorton  Stareet      •      •  • 
Milk  Street  

24 

24 

14 
Hi 

2,473 
1  615 

661 
516 

103 
63 
47 

86 

1  11 
1  Hi 

Ivuseia  Row    «      •      t      •  • 
Queen  Street  *      «      •      •  • 
Old  Bailey      .       .      .      .  . 
Qiaceuiurca  otreot       #      •  • 

lo  , 
22 

97 

2,202 
2,903 
4,730 

153 
132 
225 

1  Hi 

1  10 

1  10 

Finsbnry  Faremcnt  and  Hoorgato 

rtirecb* 

IMoorfj^ate  Street     .       •      •  . 
Wood  Street  

42 

32 
14i 

6,361 

6,000 
980 

128 

188 
68 

1  6} 

1  fii 
1  5i 

liOn  (Ion  Wall        ,       •      •  • 
'l'hrea<lnccdle  Street,  near  Finch 
Lane. 

24 
26 

2,600 
3,696 

104 
142 

I  l-.r 

Ditto,  cast  end      .      •      •  . 
Ditto,  central        .      •      •  . 

14 

w 

>» 

264 
204 

1  21 

1  u 

Mansell  Street      .      •      •  • 

498 

1  4 

IVInnsion  House  Street    .      •  • 
l'rincc3  Street  .... 
I'itto       .      .       •      1  • 

4G 
24 

1 13,767 
5,628 

tt 

300 
234 
234 

0  81 
j    0  3i 
(   0  24 

»  Uoorgo  Yard 


6iil  — 


1  11 
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im)  Rbpaib  ow  AsPHAin  PatskbhtSi  1878* 

A81'11AL.TE  (COMPliESSED). 


Bepoixs  and  Condition  on  liudi  1,  ISra. 


Continually  repaired  at  night.  Many  ttoles  in  tlic  entire  moface. 

Channels  much  worn.    E\  t(  r^sivc  repairs  required  this  year. 
Continually  repaired  at  night.    Many  small  holes  in  the  surface ; 
mostly  appeared  within  the  last  6  months.  Very  extensive  repairs 
required  this  year. 
No  repairs  done.  A  fev  amaU  holes ;  otherwise  in  good  condition. 

No  repairs  done.    Channels  somewhat  worn. 

One  or  two  repairs  done.    One  or  two  holes,  channel  somewhat 

worn.  Otherwise  in  good  condition. 
One  or  two  repairs  made.  In  ^;ood  condition. 

Trifling  repairs.    In  fair  condition. 

No  repairs.    In  good  condition. 

Frequent  repairs  at  south  end,  wliore  there  arc  m.'iny  small  holes. 
Many  depressions  towards  north  end.    Generally  in  good  con- 
dition; but  not  so  good  as  others  of  this  Company. 
Trifling  repairs.  Small  holes  over  the  surface.  Generally  in  good 
cimdition. 

A  few  small  holes.   Tn  very  f^ood  condition. 

Trifliufi;  repairs.  Channels  worn ;  a  few  small  holes.   Otherwise  in 

good  c-ondition. 

Slight  re]>air8.  Somo  short  hdes.  Oencrally  in  good  condition. 
Tlie  first  pavement  laid  in  the  City.    Nine  very  small  rcpaiismade. 
A  few  holes.  Geiirrally  in  good  condition. 

Narrow  way  frecjuently  repaired.    Channels  deeply  worn.  "Well- 
marked  depression  at  middle  by  whocls.    Many  shoi-t  holes  ut 
east  end.  Much  wear. 
One  slight  repair.  A  few  small  holes.  Otherwise  in  good  condi- 
tion. 

Slight  repairs.  Surface  worn ;  otherwise  in  good  condition. 
No  repairs;  in  good  condition* 

Tbateks  (Mastic). 

j  No  repairs.  Small  depressions  on  surface ,  but  generally  in  good 
i  conditioa. 
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Tablb  Ko.  of  London  i^-Dnmnov  akd 


t5  f  a 

C  =;  C 

Vehicles  in  12 
hoorBinlSrS-TS. 

Time 
down  at 

IiOOAUTT. 

Total. 

Per  foot 
ofvidth 

March  li 

UmII* 

Lombard  Stroot     •      •  .  • 

• 

Feci. 
17 

Vf'lii- 
2,499 

Yfhi- 
cles. 
147 

Yre.  Mo*. 
1  9i 

UToftTiTRtft  Stroofc    •      •  • 

32 

6,000 

188 

1  6} 

28 

3,507 

0  11} 

t 

Babnett's 

lkTnra"ML4iA  SbrCioii      «        «  ■ 

32 

G,000 

188 

1  4J 

CjirttT  Liine   .      •      •  • 

T  .<  <i  VlllllfV            m            m           m  m 
XJULil.vUXjr             •            •           •  • 

• 

8 
43 

1  317 
1,612 

40 
38 

0  5i 
>   0  4} 

28 

6,048 

216 

•   0  2i 

1 

1 

MoNTROTIEa 

1  Friflces  Btreot      •     •  « 

1  M 

1  5,628 1  233 

g  0  6H 

Piinces  Street 


21 


Soci^tA  Francaisb  dzb 

6,628  j  268    jj   ^    "^i  I 


■J? 
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BlPAm  OF  AflPHALTB  FaTBIIBNTS,  1 873 -^A/iUNiA 

AspuALTB  (Mastic). 


fiepaii  a  aiid  Cunditioa  on  Max  ch  1, 187S 


Extensively  repaired  in  last  8  months.  Ghann<^  worn.  Many 
short  holes  at  middle  of  way. 

Extensively  repaired  in  last  3  months.  Considorablc  indications  of 
surface  wear  in  the  middle ;  a  few  bad  holes  and  depressions. 
Otherwise  ^ood. 

Trilling  repairs.  Channels  slightly  worn,  l&ddlo  ol  way  con> 
sidexably  worn;  surface  rough. 

Asphalts  (Mastic). 

Extensively  re  paired.    Many  small  holes,  especially  at  south  end, 

which  was  laid  in  very  bad  weather. 
Surface  in  good  condition. 

Large  portion  badly  laid,  re-laid.   Surface  variable,  some  parts 

smooth,  others  worn  and  rough. 
No  repairs.    Numerous  holes ;  and  indications  of  loose  structuro 
or  of  wear.    Eastern  part  rough,  indicating  inferior  material  or 
bad  laying.  Weather  very  bad  wb^n  it  vas  laid, 

AsruALTE  (Compressed). 

I  No  repairs.  In  good  oonditioii.  | 

ASPHALTES  (CoXPRESSED). 

I  No  rcpaira.    UnusuaUy  wavy.   G&ncrally  in  good  condition.  i 
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In  compiling  tliis  table,  an  attempt  lias  Lcen  made  to 
gauge  the  intensity  of  tho  traffic  by  a  calculation  of  the 
daily  number  of  Tehides  by  which  each  street  was  tra- 
versed, per  foot  of  the  width  of  carriage-way.  These 
traffics  are  placed  in  tho  following  table,  No.  38,  for 
comparison  with  the  loss  of  thickness,  taken  at  per  year, 
in  the  last  colamn : — 

Tablb  Ko.  38.— Citt  or  Lokdok    Wbab  or  Amalte  Patx- 

KXKT8,  1873* 


Tal  db  Tbayebs  Asfhaltb  (Cowpbbssbd}. 


LOGAUTT 

iin  12  hours 
per  foot  of 
width. 

^  Time 
down  at 
March  1, 
1873. 

Loea  of  nominal  thickacfts.l 

Totd. 

Per  year. 

Poultry :  next  kerb 

Do.  general  surface  . 
Cheapaide :  noxt  "kerb  . 

Old  and  New  Broad  ) 
Streets   •      •      .  j 
Queen  Street 
Moorgate  Street  • 

Thrcadncedlo  Street, 
east  end  and  centre . 

Average  for  general  i 
surface   •      •      •  > 

LiUM 

Lom1)ord  Street  •      .  ] 

Babnb' 

Moorgate  Street  •      *  || 

MONTKOTII 

lYincea  Street    •      .  | 

Vehicles. 
363 
363 
298 

103 

153 
188 

142 

208 

bb  Asfha 

1     147  II 

rr'a  Afpn 
188  II 

Ell  AsrHA 

1  ^"1 

Yra.  Mo8., 
2  2f 

»f 

2  2i 

I  Hi 

1  10 
1  6} 

ji  4 

LTB  (MA81 
1    9J  1 

AiiTB  (Mai 

»  H  1 

LTE  (CoMI 

0  6i| 

Inch. 
•44  to  •94 

•375  to  -75 
•81  to  -94 

i 

•31 

i 

•118 
1-00  (next 

kerb) 
iV  (general 

pic). 

1  i  1 

mc}. 

1  v#  1 

pressed). 
1  ito| 

Inch. 
*20  to  ^42 
•17  to  -34 
•SO  to  42 

•17 

•16 

•41 
•08 
•87 

•06 

•19 

1  '07 
1  -€5 
1  -35  to  1-40 

The  data  contained  in  this  table,  No.  38,  are  too  scanty 
for  the  purpose  of  making  a  useful  oompanson  of  the 
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wears  of  tlie  different  asphalies ;  but  a  general  relation 

may  bo  oLservcd  between  tlio  truilics  pur  foot  of  width 
and  the  vertical  wears  per  year  of  the  pavements  in 
Yai  de  Trayers  Compressed  Asphalte;  and  the  averages 
axe  as  follows : — 

Vai  d$  Trav§r9  Ompreued  AtphelU  Pavmeni  for  Otrna^eHPa^t, 

Vehicles  in  12  hours  per  foot  of  width  .      •      •      .   208  vehicles. 
Loss  of  thickness  per  year  (say  I  inch)  •      •      •      •   *19  inch. 

It  has  been  argued  that  the  reduction  of  thickness  is  the 

result  of  simple  ( oinpression  under  the  traffic,  xind  not 
sensibly  of  wear : — an  argument  which  is  countenanced  by 
Colonel  Haywood,  who  found  that  asphalte  is  not  so  noise- 
less after  it  has  been  down  for  two  or  three  months,  as  it  is 
when  first  laid,  and  ascribed  the  difference  to  compression 
and  solidification  under  trathc.  Be  that  as  it  may,  de- 
terioration of  the  surface  is  augmented  by  the  action  of 
the  traffic ;  and,  ultimately,  the  abrasion,  and  Ihe  conse- 
quent loss  of  thickness,  must  proceed  in  an  increasing 
ratio,  for  it  can  scarcely  be  questioned  that  the  material 
next  the  upper  surface  is  originally  more  durable  than 
what  is  under  it. 

With  tlie  experience  of  neaily  a  year  later  tlian  the  date 
of  his  report  from  which  the  foregoing  data  are  derived, 
but  without  sufficient  experience  to  determine  the  actual 
durability  of  asphalte  in  the  City,  Colonel  Haywood,  after 
full  consideration  of  all  the  circumstances,  tliought  **  that, 
without  much  repair,  none  of  the  asphaltes  would  last  more 
than  from  four  to  six  years ;  and  that,  in  the  course  of 
from  six  to  ten  years,  the  entire  surface  of  all  will  have 
been  renewed."  In  explanation,  it  is  to  be  said  that  the 
repair,  however  slight,  of  an  asphalte  carriage-way  pave- 
ment, requires  that  entirely  new  material  should  be  ap- 
plied in  replacement  uf  tluit  which  is  in  a  state  of  dis- 
repair.   That  is  to  say,  there  is  no  such  operation  as 

Digitized  by  Goo^^Ie 


608 


the  relaying  of  an  asplialte  payement.   But^  tKe  osplialtd 

that  is  removed,  is  utilised  by  being  converted  into  a 
liquid  asphalte  for  the  formation  of  footpaths. 

In  the  Appendix,  a  table,  extracted  from  a  recent 
report  of  Colonel  Hayivood,  gives  the  condition  of  tlio 
asphalte  carriage-way  pavements  in  the  City  of  London, 
on  the  Ist  of  February,  1877.  It  may  be  noted  that  the 
works  of  two  of  the  Asphalte  Gompaniesi— the  Montro- 
tier,  and  Barnett's, — no  longer  exist. 

The  asphalte  pavements  in  the  City  of  London  are  all 
maintained  for  periods  of  16  or  17  years,  by  contract  with 
the  respective  companies  by  whom  they  were  laid. 


VaL  DE  TuAVKUS  AsiMIALTK, 

(Compicsscd.) 

GheapBide     .      •  «  « 

Poultry .  •  •  «  • 
Old  Broad  Street  • 

Grracechurch  Street  •  • 

Finshnry  Pavement  «  • 
Moorgate  Street  (N.  end) 

Queen  Street.     •  •  • 

LtMMER  ASPHALTB  (Hostic). 

^loorgate  Street  (central)  • 

Loml)ariI  Street    •      •  • 

Comhill       •       •       •  • 

MindDgLane      •     •  • 

Baunet'i  s  Asphalte  (Mastic). 
Moorgate  Street  (S.  end)  • 

Val  dk  Tuavkrs  (Mastic). 

Gcorgo  Yard  •      •      •  • 


Conciote.  Asphilte. 


inchea. 

inches. 

Completed. 

0 

H 

I>ec  1870 

9 

Bee.  1870 

6 

2 

March,  1871 

9 

2* 

July»  1871 

6 

2 

Aug.  1871 

6 

2 

Aug.  1871 

9 

Apil,  1871 

9 

2 

Sept  1871 

0 

2 

May,  1871 

9 

2 

Manh,  1872 

e 

2 

Aug.  1873 

9 

21 

Oct  1871 

li 

April,  1871 

Tho  terms  of  tho  contracts  for  ihaao  letroota  are  givQP 
lu  Table  No.  39|  wliich  follows : — 
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Table  Ko.  W^^^^Cm  or  Loinx>]f  :«^€o8T  of  Abpxaltb  PATBHmm 

Laid  and  Maintained  by  Contract. 


LOCAUTT. 


Val  nil  TuAVKufl 
(compressed  J. 

Cheapaide . 

Poultry  ,  ♦ 
OldBtoadSt  . 

Giaceohurch  St. 

Finsbury  PavG- 
lucut 

Mooi*gat6  St.  . 
Queen  St.  . 

Ljmmku  (mnstic). 
Mooigato  St. 

LomUml  St.  . 
CoriiUiU 
Mincing  Laoa  . 

Baexbtt's 

(maBtio). 

Moorgate  St.  • 


Val  hk  Tp.avkrs 

(m;i8tic). 
George  Yuid  . 


First  cost  per  tqoan 
yard. 


17 

17 
17 

17 


17 

17 
17 


17 

17 
17 
17 


18 


10 


Foun- 
da- 
tion. 


phalte. 


Total. 


B.  d.  I  s.  d. 
1  0    16  3 


9  i  16  3 
9    14  3 


1   9  I  15  3 


1    9  ■  14  3 


Q 
9 


2  8 

I  2  R 

2  8 

1  9 


9  8 


1  9 


14  8 
14  8 


13  4 

13  4 

12  4 

10  8 


10  8 


10  3 


maintenance  per  flqvan 
yard. 


M]l]  Li  (_■ 


per 

y,.Mi. 


Ttotal. 


8.  d.  B.  d. 

18  0     2yr8.  fiee. 

16  „  at  18. 8d.  ^  22  G 

15  0  li 

16  0  II  2  yw.  free. 
15   „  nt'.kl. 


17  0 


16  0 

16  0 
16  0 


^  H  fiee. 

15  „  at  IB. 

2  „  free. 

18  n  at9d. 
»'  It 
it  n 


22  6 
11  8 
15  0 


16  0     2  yrs.  fiee 
,15  „  atOd. 

IG  0  I  „  „ 
15  0  „  „ 
13  0     «  M 


11  n 

11  3 
11  8 


11  3 


8. 

d. 

B.  d. 

40 

n 

2  4^ 

40 

G 

2  4| 

27 

8 

1  7| 

88 

0 

1  10| 

27  3 
27  8 
27  8 


27  3 


11  3  M  27  3 


18  2 


12  0 


It  8 
U  8 


"  rr«..  free. 

lo  '  „   at  U.  4|d.-20  I 


ll 


10 


free. 


26  3 
23  8 


33  0 


19  0 


Notes  to  TAiibB.— 1.  ExcaTalion  im  not  included.  2.  lite  paTementg  to  be  given  up  as 
■ocdaBiMv. 


Asphalts  Pavement  in  Manchesteb* 

A  speeimen  of  Yal  de  Travers  asphalte,  1,000  square 
yards,  was  laid  in  a  street  in  Manchester,  and  was  down 

two  years.  During  17  days  in  December,  1873,  and 
January,  1874,  61  horses  fell,  ox  3*6  horses  per  dayi — 
comptising  19  cfiiriage  hofBG§       c$^h  bosses,  39  lurry 
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horsey  and  10  cart  horses.  The  surface  was  Tery  slip* 
pery,  and  ocmsidered  to  be  extremely  dangerous  except 

in  exceptionally  dry  weather,  or  wet  weather,  and  not 
suitable  for  the  humid  atmosphere  of  the  Manchester 
district.  The  paTement  was  replaced  with  granite. 
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NoTK  SO  TiBLB  No.  36  (p.  800).— The  Val  de  Trftfen  campnmai 
pavements  and  the  Linuttor-maatie  payemeota  for  oatsiage-ways, 

oomprisod  in  this  table,  were,  with  three  exceptions,  made  with  2 
inches  of  usphalte ;  they  were  laid  on  concrete  of  from  6  to  9  inches  in 
thickness.  The  exceptional  thicknesses  were  2}  inches  for  Gheapeide 
and  the  Poultry,  as  before  noted ;  and  2^  inohea  lor  Qxaoeoharoh 

Street  and  Queen  Street. 

The  pavements  of  B:iriictt'8  Iron  Asphalto  were  laid  on  9  inches  of 
concrete,  and  were  2|  inrhps  thick.  The  pavement  of  the  Sooiefe 
Fran^aibe  was  2|  inches  thick,  on  9  inches  of  concrete;  and  that  of 
Montroticr  was  2  inches  thick. 
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BBIOE  PAVEMENTS. 

Briok  paving  is  probably  one  of  the  first  ever  to  be  used, 

but  ill  this  coLiutry  hitherto  it  has  only  been  employ od  for 
carriage-ways  to  a  very  limited  extent,  and  the  experience 
gained  has  not  tended  to  proFe  it  to  be  a  satisfaotorj 
material  for  that  purpose.  These  failures  have  been  prin- 
cipally due  to  the  variatione  in  the  qualities  of  the  bricks 
employed,  which  variation  has  of  course  tended  to  cause 
the  pavements  to  wear  most  unevenly.  The  material  has, 
however,  been  used  with  sucoesB  in  Holland  for  over  a 
century  and  a-half ;  and  for  many  years  past  similarly 
laTourable  results  have  been  obtained  in  America  and 
other  countries  from  the  use  oi  vitiitied  brick  aa  a  paving 
material. 

Advaniagei  of  Brick  as  a  Paving  Matmal.—Thm  can  be 
no  doubt  that  suitable  bricks  offer  many  advantages  as  a 
material  for  paving,  indeed  in  America  vitrified  bricks  are 

by  many  authorities  preferred  to  either  granite,  asphalte, 
or  wood.  It  may  here  be  remarked  that  the  term  vitrified, 
which  means  glazed  or  converted  into  glass  by  burning, 
is  a  mistake,  as,  although  a  very  hard-burnt  brick  is 
essential,  if  burned  too  hard,  it  will  be  brittle  and  useless, 
as  it  will  break  easily,  and,  moreover,  if  glazed  on  the 
suriace  it  will  not  grit  as  a  proper  material  for  paving 
should  do.  If  properly  laid,  brick  pavement  is  stated  to 
be  as  noiselesB  as  paving  construoted  with  any  other  kind 
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of  material,  and  Mr.  J.  T.  Eayrs,  M.I.O.E.,  mentions  in  a 
paper  upon  "  Brick  Paving  for  Carriage  Ways/'  *  that  in 
America  what  is  known,  as  vitri£ed  briok  paying  is  claimed 
to  possess  the  following  qualities : — The  surface  is  smooth 
without  being  slippery ;  it  offers  a  minimum  amount  of 
resistance  to  the  passage  of  traffic,  and  in£icts  a  minimum 
amount  ol  wear  and  tear  on  horses  and  vehicles;  it  is 
practically  impervious,  and  therefore  perfectly  sanitary; 
is  easily  cleansed,  and  requires  less  scavenging  than  any 
other  paving ;  it  can  be  washed  without  injury  or  bocoming 
slippery  when  wet ;  is  readily  taken  up  and  relaid  ;  reason- 
able in  first  cost  and  maintenance ;  and  has  a  life  which 
compares  favourably  with  other  materials,  such  as  asphalts, 
wood,  &c."  In  a  report  by  Mr.  Benjamin  Marot  to  the 
Committee  of  one  hundred  on  paving  of  the  City  of  Dayton, 
Ohio,  U.S.,  which  report  was  published  in  1890,  the 
following  opinions  upon  the  merits  of  brick  paving  are  to 
be  found — 

The  first  brick  pavement  was  laid  in  Euilington,  Iowa, 
in  1887,  and  showed  no  signs  of  wear  after  three  years*  use. 

The  use  of  brick  pavement  in  Columbus,  Ohio,  was  not 
found  desirable  for  streets  liable  to  heavy  traffic.  Good 
hard  burned  brick  was  found  to  last  a  long  time  on  streets 
not  subjected  to  heavy  traffic.  Fire-brick  gave  very  un- 
satisfactory results  for  paving  purposes,  except  in  the  caso 
of  one  or  two  streets  where  the  brick  used  was  thoroughly 
burned. 

In  Cincinnati  fire-brick  was  found  to  make  a  good  pave  • 
ment  for  medium  traffic. 

Three  years'  experience  with  brick  pavement  in  Phila- 
delphia tended  to  show  that  it  is  only  suitable  for  light 
traffic. 

Brick  pavement  laid  for  four  years  in  Toledo,  Ohio,  was 
*  See  Proceeding*  iff»the  Asioeiaiim  of  MuHidpal  and  CQmt]f  Engi^ 
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Btill  in  good  cooditioiiy  it  waB,  howoveri  only  ns^d  on 

residence  streets. 

A  Uook  of  brick  pavenient  laid  in  Bloomingtoa,  Illinois, 
for  seventeen  years  was  said  to  be  in  good  condition  at  the 
end  of  that  time.  The  town  of  Bloomington^  however^  is» 
it  should  be  mentioned,  a  coimtry  seat  of  some  25,000 
inhabitants,  with  but  little  manufac taring  and  not  much 
keayy  tra£ic,  consequently  it  is  probable  that  the  pavement 
in  question  was  not  subjected  to  any  vexy  severe  test. 

The  dty  engineer  of  Ghioago  is  of  tiie  opinion  thai  for 
general  use  shale  bricks  properly  burned  and  of  the  right 
size,  and  properly  laid  upon  a  hydraulic  cement  concrete 
foundation  forms  both  a  cheaper  and  superior  paving  to 
asphalte  as  to  first  cost,  facilities  and  cheapness  for  repairs, 
sanitaiy  qualities,  ease  upon  horses,  and  durability.  It 
can  be  laid  upon  a  gradient  where  asphalte  would  be 
impossible,  can  be  washed  continually  without  injury,  and 
when  wet  is  not  more  slippery  than  when  dxy^  whilst 
asphalte  he  considers  to  be  always  dangerous,  and  if  wet 
more  slippery  than  when  dry.  Brick  pavwent,  if  properly 
laid  and  grouted  with  suitable  cement,  is  not  more  noisy 
than  asphalte,  and  as  it  can  be  continually  sprinkled,  it  is 
far  less  dusty. 

Dimennmt  of  Faioing  Brieki^—The  sizes  of  paving  bricks 
employed  in  America  vary  between  7^  inches  by  3^  inches 

by  2  inches,  aud  9J  inches  by  4^  inches  by  inches,  the 
size  in  most  common  use,  however,  being  9  inches  by  4 
inches  by  3  inches.  The  bricks  are  made  with  both  square 
edges  and  rounded  nosings  and  with  rounded  tops,  the 
former  are,  however,  most  generally  employed,  and  they 
make  better  joints  and  are  more  easily  scavenged. 

Necessary  Qualities  of  Pavin</  Bricks. — Bricks  for  paving 
should  possess  the  following  qualities,  viz.,  they  should  be 
as  uniform  in  quality  as  practicable,  so  as  to  insure  as  even 
wear  as  possible.   They  should  not  be  capable  of  absorb* 
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ing  more  than  from  1  to  3  per  cent,  ol  moisture  in  twenty- 
four  hoars.  They  «hoiild  be  of  a  specific  graidty  of  from 
2  to  2-8.  They  diould  have  a  transverse  strength  of  about 
2,000  lbs.,  and  a  crushing  resistance  of  about  12,000  lbs. 

per  square  inch. 

Ibundationa  for  Brick  Favements. — ^According  to  recent 
practice  in  the  United  8tates  the  bricks  are  laid  on  a  good 
concrete  foundation  of  at  tiie  very  least  4  inches  in  thickness, 

with  a  layer  of  clean  dry  sand  of  from  1  to  1  ^  inches  in  thick* 
ness,  upon  which  the  bricks  are  bedded,  and  which  layer 
of  sand  not  only  admits  of  the  bricks  being  evenly  laid, 
but  also  gires  a  certain  funotmt  of  spring  which»  it  is 
daimedy  decreases  the  effect  of  the  impact  cdt  horses'  hoofs 
and  of  wheels  upou  tlio  bricks. 

Method  of  Laying  the  Brichs. — The  concrete  is  allowed  a 
week  or  thereabouts  to  set  before  the  bricks  are  laid,  and 
the  latter  are  placed  either  in  straight  courses  at  right 
angles  to  the  curb,  or  diagonally  to  the  latter  at  an  angle 
of  60  degrees.  The  bricks  are  laid  with  a  cross- sectional 
curvature  similar  to  that  usually  employed  with  wood 
pavements,  and  as  a  general  rule  are  placed  dose  together 
without  leaving  any  space  for  joints»  as  the  dight  irregu-* 
larities  in  the  bricks  themselves  is  found  to  be  enough  for 
tliat  purpose,  iudecil  in  some  cases  the  courses  of  bricks 
are  each  forced  up  towards  the  curb  by  means  of  a  lever 
and  £nally  wedged  up  with  a  closer.  The  bricks  are  then 
either  rolled  or  rammed,  when  the  latter  plan  is  adopted 
it  being  found  advantageous  to  place  a  plank  of  an  inch 
or  more  iu  tkiekiiess  botwecii  the  bricks  and  the  rammer. 
The  grouting  employed  is  either  cement  mixed  with  sand 
in  the  proportion  of  from  one  to  one,  to  one  to  ono  and 
a*httlf ;  or  pitch  and  sand,  the  latter  being  sharp  river 
sandy  and  a  semi-elastic  and  watertigkt  joint  not  liable 
to  crack  in  the  cold  ^\  eather  or  to  swell  up  during  hot 
weather,  is  thus  foimed.   The  grouting  is  applied  by 
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means  of  a  special  appliance  of  funnel  sliapei  so  fhat  it  is 
not  allowed  to  run  oyer  the  payement  and  is  only  applied 
to  tlie  joints.  The  finished  payement  is  coyered  with  a 
layer  of  clean  coarse  sand  from  ^-inch  to  1  inch  in  thick- 
nessi  wliicli  is  allowed  to  remaiu  for  about  a  fortniglit 
exposed  to  the  tra£lo  before  being  cleared  away.  The  life 
'  of  a  well-laid  brick  payement  is  estimated,  in  the  United 
States,  to  bo,  under  ordinary  conditions,  from  fifteeii  to 
twenty  years. 

Best  Vitrified  Briek  far  Paving  Purjwses.  —  The  best 
yitrified  brick  for  paying  purposes  are  made  of  shale  or 
clay  or  a  mixture  of  these  two  substances,  and  are  not 

vitrified  in  the  true  sense  of  the  word,  bein^  only  raised  by 
an  intense  heat  to  the  fusing  point  but  no  further,  as  were 
the  latter  to  occur  the  day  would  be  fused  or  melted,  and 
would  run  together  so  as  to  form  a  glassy  or  yitiified  brick 
which  would  be  too  brittle  to  be  of  any  service.  The  cooling 
of  tliB  brick  should  also  be  very  carefully  effected,  for  if 
the  cooling  be  rapidly  performed  it  will  become  brittle. 
With  a  brick  composed  of  a  well  disintegrated  and 
thoroughly  mixed  shale,  howeyer,  brought  to  the  requisite 
temperature,  and  afterwards  slos\  ly  aiiuealed,  the  product 
will  be  both  extremely  hard  and  tough. 

As  has  been  elsewhere  mentioned,  the  bulk  of  the  wear 
on  a  road  surface  is  due  to  the  pounding  action  of  the 
horses'  hoofs  and  the  grinding  action  of  the  wheels,  con- 
sequently it  is  obvious  that  the  quality  of  brick  most  suited 
for  paving  purposes,  and  likely  to  have  the  longest  life,  is 
that  capable  of  withstanding  an  abrasion  test,  and  to 
insure  good  results  the  bricks  should  all  be  as  nearly  as 
possible  of  the  same  degree  of  hardness.  The  abrasion 
test  as  usually  carried  out  consists  in  placing  the  bricks  in 
what  is  known  as  a  tumbler  or  rattier,  which  apparatus 
consists  of  an  iron  drum  or  barrel  so  mounted  on  trunnions 
or  gudgeons  as  to  be  freely  rotatable  thereon.  This  drum 
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or  barrel  is  caused  to  rotate  at  a  given  speed  for  a  deter- 
mined period  and  thus  causes  the  contained  bricks  to  rub 
together,and  as  the  bricks  to  be  tested  are  carefully  weighed 

before  insertion  into  the  drum,  and  likewise  on  their 
removal  tliei-efrom,  the  difference  in  weight  will  p^ive  the 
measare  of  the  loss.  Sometimes  iron  castings  or  other 
materials  axe  placed  in  the  drum  along  with  the  bricks 
under  test. 

According  to  the  provincial  instructor  in  road-matin c:  to 
the  Ontario  Department  of  Agriculture,*  brick  pavements 
laid  on  grayel  and  sand  have  been  successf  ul,  but  this  has 
only  been  the  case  when  the  subsoil  has  been  of  such  a 
kind  as  to  be  rery  porous,  easily  drained,  and  naturally 
firm.  The  experiments  in  Ontario  in  view  of  Fall  and 
Spring  conditions,  with  alternate  freezing  and  thawing,  is 
a  very  dangerous  and  trying  one  for  pavements,  a  lesson 
which,  he  observes,  has  been  strongly  impressed  by  the 
experience  with  cedar-blocks.  AVhile  a  brick  pavement 
may  give  salibfaction  for  a  lew  years  on  sand  and  gravel 
foundation,  there  is  every  probability  that  the  bricks  will 
settle  irregularly,  and  be  rendered  thereby  more  suscep* 
tible  to  wear  and  strain,  the  bricks  will  be  broken,  and 
the  life  of  the  pavement  very  much  shortened.  A  concrete 
foundation,  moreover,  besides  rendering  any  unequal  set- 
tlement of  the  bricks,  such  as  must  almost  inevitably  take 
place  in  the  case  of  more  or  less  yielding  materials  such  as 
sand  and  gravel,  utterly  impossible,  likewise  prevents 
water  from  percolating  through  and  gaining  access  be- 
neath the  road,  which  in  climates  liable  to  severe  frosts  is 
most  likely  to  lead  to  disastrous  results. 

Jbintinff  of  Briek  Pavement — ^It  is  also  bad  practice  to 
merely  fill  in  the  joints  between  the  bricks  with  sand  only, 
as  is  sometimes  done,  as,  although  this  may  be  suilicient  to 
keep  the  bricks  in  place,  it  admits  of  the  percolation  ol 

*  Beport  on  *^  Boad  and  Stceet  Improvement  in  Ontario^  1896.' ' 
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water  and  the  access  of  the  latter  to  the  ground  below  the 
bricks,  permits  of  the  absorption  of  a  quantity  of  street 
filth,  and  renders  the  pavement  far  more  noisjy  besides 
exposing  the  comers  and  edges  of  the  bricks  to  excessive 
wear.  The  paving  slioiild  bo  laid  with  close  joints,  grouted 
with  a  cement  composed  of  pitch  and  sand,  which  forms  a 
wat^-tight  and  elastic  joint,  and  prevents  the  passage  of 
any  moisture  to  the  underside  of  the  paving,  a  matter  of 
considerable  importance  in  climates  liable  to  continued 
frosts. 

Report  of  American  Commission  on  Brick  FavmcnU. — 
The  result  of  the  inquiries  instituted  by  a  commission 
appointed  in  1899  in  the  United  States  to  investigate  the 
subject  of  brick  paving,  was  tliat  the  life  of  tlio  latter 
were  found  to  surpass  expectations.  Bricks  made  of  slate 
day,  and  those  formed  of  a  mixture  of  slate-day  and  fire- 
clay, are  hard,  dense,  and  have  a  tendency  to  become 
brittle.  They  seem  to  be  suitable  for  the  paving  of  streets 
subjected  to  lieavy  traffic,  provided  lliat  they  are  laid  upon 
a  firm,  solid  bed  or  foundation,  and  that  the  joints  be  made 
or  grouted  in  a  suitable  manner.  Pire*day  bricks  are  tiie 
lightest,  and  are  less  liable  to  chip  at  the  edges  or  to 
break,  but  they  wear  away  more  rapidly.  The  commission 
ofPer  no  opinion  as  to  the  most  suitable  dimensions  for 
bricks  to  bo  employed  for  paving  purposes.  The  nature 
of  the  jointing  or  grouting  they  consider  to  exercise  a  very 
important  bearing  upon  the  duration  of  the  pavement. 
The  best  joint  seemed  to  them  to  be  that  formed  with 
Portland  cement ;  but  the  presence  of  lime  they  found  to 
give  rise  to  swelling,  which,  however,  could  be  remedied 
by  placing  a  transverse  tar  or  pitch  joint  every  twenty- 
three  and  a-half  or  thirty-one  and  a-half  leet.  The  best 
bed  or  foundation  they  decided  to  be  a  layer  of  cement 
with  a  Led  of  sand  of  from  1  to  2  inches  in  thickness 
upon  which  to  place  the  bricks. 
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Staffordshire  Blue  Bruk  Pavements. — Staffordshire  Mue 
bricks  are  now  being  used  for  paving  purposes  experimen- 
tally in  the  blue  brick-making  districts,  with  the  view  of 
testing  their  suitability  for  a  more  general  apj^Iioation  in 
tliis  direction.  Hitherto  their  use  for  such  purpose  in 
this  country  has  been  chiefly  confined  to  the  paving  of 
crossings,  cab-stands,  &c.  The  author  has  been  given 
to  understand  that  such  experiments  are  now  being  made 
by  Messrs.  Hamblets,  Limited,  of  the  Piercy  Brick  and 
Tile  Works,  West  Bromwich,  Staffordshire,  and  they 
state  that  bricks  in  order  to  be  suitable  for  paying  pur- 
poses must  be  made  from  the  very  best  selected  Stafford- 
shire marl;  well  ground,  pressed  imder  a  heayy  pressure, 
and  burned  in  a  yery  great  heat,  so  as  to  produce  a  brick, 
dense,  and  thoroughly  well  vitriEed  right  through  its 
entire  substance. 

Another  firm  daiming  to  have  succeeded  in  produdng 
paving  bricks  of  uniform  quality,  and  well  adapted  to  with- 
stand  the  wear  and  tear  of  traffic  in  streets,  is  that  of 
Messrs.  George  Woolliscr oft  &  Son,  Ltd.,  of  Ilunley.  Tests 
for  abrasion,  made  by  Mr.  J.  T.  Eayrs,  M.I.G.E.,  with 
these  bricks  subjected  to  1,000  revs,  in  a  tumbler  or  rattler 
at  a  speed  of  25  revs,  per  minute,  gave  an  average  loss  in 
weight  on  five  bricks  of  7"  15  per  cent.  Tests  for  absorp- 
tion carried  out  with  rattled  bricks  dried  in  a  stove  for 
hours,  and  then  immersed  for  53  hours  in  water,  showed 
an  average  gain  in  weight  of  1-96  oz.,  or  1*57  per  cent. 

**SeoHa^*  Favtftp  Bricks  or  Bheka.'^ThB  Tees  Scones 
Brick  Company,  Limited,  Middlesbrough,  manufacturo 
patent  Scorito  "  paving  blocks  or  setts,  a  type  of  brick- 
paving  that  has  been  in  use  for  twenty  years  past.  These 
blocks  are  of  uniform  shape  and  colour,  and  admit  of  the 
formation  of  an  even  and  smooth  pavement  which  can  be 
very  readily  cloansod,  and  is  exceedingly  sanitary.  The 
light  colour  of  the  bricks,  moreover,  renders  the  street 
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much  lighter,  a  by  no  meanB  inconsiderable  advantage  in 
the  case  of  narrow  streets. 

With  regard  to  the  durability  of  these  paving  bricks, 
they  are  stated  to  have  stood  the  tost  oi  eighteen  years* 
use  without  showing  any  appreciable  amonntof  wear,  and 
streets  in  which  such  pavements  have  been  laid  for  this 
period  present  to-day  the  same  appearani^e,  and  are  as 
firm  as  they  were  when  originally  laid  dm\  n.  This  type 
ol  sett  is  especially  suitable  for  street  channelling,  inas* 
much  as  they  present  a  perfectly  even  and  xmiform  sur- 
face for  the  water  to  run  over,  and  as  they  are,  moreover, 
absolutely  non-absorbent,  they  will  not  retain  any  trace  of 
whatever  may  pass  over  their  surl  ace.  The  channel  setts 
can  be  obtained  of  any  particular  shape  and  dimensions  to 
suit  the  requirements  of  particular  localities.  The  scorice 
paving  setts  form  a  pavement  which  is  less  noisy  than  any 
other  description  of  stone  pavement. 

GInss  Paving  Bricks. — A  type  of  paving  brick  known  as 
la  pierre  de  verre  Garchez  is  now  being  used  in  France,  and, 
it  is  said,  with  considerable  success.  The  bricks  are  com- 
posed of  a  material  consisting  of  waste  glass,  such  as  old 
broken  bottles  and  tho  like.  This  material  is  de-vitrified 
and  subjected  to  a  heavy  pressure  in  moulds,  and  the  re- 
sultant bricks  are  tough  and  extremely  durable,  whilst  at 
the  same  time,  owing  to  their  gritty  nature,  they  are  not 
liable  to  become  slippery  through  wear.  The  bricks  are 
capable  of  withstanding  a  crushing  strain  uf  fuui  tuns  to 
the  square  inch. 

Several  streets  in  Paris  have  been  recently  paved  with 
this  material,  and  although  sufficient  time  has  not  elapsed 
to  admit  of  any  decided  opinion  being  expressed  as  to  its 
wearing  capabilities,  so  far  it  is  reported  to  have  given 
excellent  results. 
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MelropoUUm  Compound  MekUic  Pamng. — This  pavement 

18  formed  of  blocks  of  a  hard  eement,  having  an  iron 
^ame  bedded  on  the  top  onflosing  a  certain  portion  of 
wood.  A  specunen  was  laid  in  Threadneedle  Street^  in 
1853 ;  it  did  not  prove  satisfactory,  and  was  replaced  by 
the  proprietors  by  a  now  and  better  specimen,  in  January, 
1854.  By  the  end  of  the  year,  it  became  very  unsatis- 
factory, and  was  extensively  repaired.  In  June,  1855,  it 
became  dangerous,  and  was  finally  removed. 

Cast  Iron  Faving, — General  Krapp*s  cast-iron  pavement, 
an  American  invention,  consists  of  cast-iron  frames  divided 
into  sections,  tiie  divisions  being  sufficiently  dose  together 
to  prevent  the  admission  of  horses'  hoofe.  The  runs  and 
divisions  are  about  1  inch  in  widtii  on  the  top,  closely 
grooved  to  about  an  inch  in  depth.  The  frames  are  so 
designed  that,  to  some  extent,  there  would  be  a  connection 
and  mutual  support  throughout  a  paving  laid  with  them. 
They  are  laid  upon  the  usual  substratum,  in  the  same 
manner  as  granite  paving,  the  interstices  being  filled  with 
gravel,  stones,  or  concrete.  The  weight  of  the  pavement 
is  250  pounds  per  square  yard ;  it  costs,  when  complete, 
about  18d'.  per  yard.  A  specimen  was  laid  in  Leadeniiall 
8treet,  early  in  1855.  By  the  middle  of  the  year,  it  got 
very  much  out  of  repair,  and  it  was  rdaid  on  concrete, 
tlio  i]iterstices  being  filled  with  concrete  ;  but  its  condition 
was  not  very  satisfactoiy.   In  February,  1857,  it  was  in 
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an  extremely  bad  state  of  repair ;  and  in  April,  it  waa 
fu&allj  ranoredy  after  having  been  down  for  a  little  over 
2  yeani. 

The  Cellular  Iron  Pavement, — This  pavement  consists  of 
cast-iron  blocks,  1 4  inches  square,  having  a  flat  sole  with 
a  downward  stiffening  lib  at  each  edge^  and  honejcomb 
reticnlationB  on  the  upper  side^  whieh  are  op^  through 
the  eastmg.  The  six-sido  cells  so  formed,  aro  oblong, 
there  being  six  cells  side  by  side,  one  way^  and  four  the 
other  way  of  the  block.  The  oeUe  oyerlumg  the  edgee  a 
KtUe,  and  are  the  means  of  interlocking  the  blocks  verti- 
cally when  the  blocks  are  placed  in  position.  Thus,  it 
was  designed,  the  paving  would  rest  solidly  and  immovably 
on  a  oonunon  substratum ;  and  any  substance  like  sand  or 
gravel  thrown  on  the  pavement^  was  to  be  driven  through 
the  cells  by  the  weight  of  the  traffic,  and  would  in  fact 
constitute  a  continuous  packing.  This  pavement  was  tried 
in  the  Poultry  in  186d. 

PMH  and  Dmpji^i  AriifMai  QrmUU  i'lWMMn^.— -This 
pavement  is  made  into  blocks,  3i  inches  wide,  6  inches 
deep,  8  inches  long,  composed  of  ordinary  day,  highly 
compressed  and  then  burnt.  Each  block  weighs  about 
12  pounds.  The  bed  for  the  pavement  is  levelled  and 
made  up  with  ordinary  ballast,  and  the  joints  between  the 
blocks,  i-inch  wide,  are  flUed  up  with  the  same  material. 

Cmpauni  Wbod-and^Stone  Paommt, — ^Mr.  Newlands,  in 
1855,  tried  a  syston  of  paving  granite  sets  and  wood 
blocks  in  alternate  courses,  for  the  purpose  of  lessening 
the  noise  of  granite  pavement.  A  portion  of  Gbreat  Howard 
Street^  livexpool,  was  paved  in  this  maimer,  a^d,  for  a 
short  time,  it  appeared  to  answer  the  purpose.  But  the 
wood  speedily  became  depressed  below  the^  surface  of  the 
gpranite,  either  by  compression  or  by  wear,  and  the  gaps 
thus  made  between  the  stones  had  tiie  effect  of  increasing 
instead  of  diminishing  the  noise. 
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Concrete  Favemnt. — This  pavement,  designed  by  Mr. 
Joseph  Mitchell^  is  laid  on  a  bed  of  Portland-cement 
oonerete,  3  inehes  deep.  The  bed  may  be  made  mih 
broken  stones  or  with  grayel.  It  is  allowed  to  remain 
10  days  for  consolidation.  Paving  sots,  2J  or  3  inches 
wide,  and  5  inches  deep,  are  hu  i  lt  on  the  bed,  with  cement 
mortar,  and  the  jointB  are  Med  up  with  cement  grout. 
The  best  cement  only  is  used,  and  the  pavement  becomes, 
in  fact,  a  work  of  masonry  8  inches  deep,  A  piece  of  this 
pavement  was  laid  on  George  IT.  Bridge,  Edinburgh,  in 
1866,  where  the  traffic  was  heavy  and  continuous ;  and, 
after  3J  years  of  work,  it  was  in  excellent  order,  water 
running  freely  off  the  surface,  whilst  the  wear  was  scarcely 
perceptible,  and  the  surface  was  said  to  be  much  freer 
from  mud  and  dust  than  ordinary  pavement.  The  cost 
was  said  not  to  exceed  that  of  ordinary  pavement  made 
with  sets  9  inches  deep. 

JBin^ham*$  Fatmt  Faumg. — ^This  pavement  is  like  New- 
land's,  a  compound  wood  and  stone  one,  and  consists  of  a 

combination  of  Tasnianian  hard-wood  and  granite.  The 
foimdation  used  for  this  compound  wood  and  granite 
paving  is  a  bed  <^  concrete  of  the  usual  description,  and 
the  blocks  of  hard-wood  and  granite  blocks  or  setts  are 
laid  thereon  in  the  manner  usual  with  these  materials,  the 
blocks  being  laid  close  together,  the  wood  at  the  sides  and 
ends  of  the  granite  setts^and  grouted  with  pitch.  The 
depth  ol  the  wood-blocks  employed  varies  with  the  granite 
setts,  lor  instance  when  new  6-inch  setts  are  employed  the 
wood-blocks  must  be  at  least  6}  inches  in  depth ;  whilst  on 
the  other  hand,  if  old  setts  be  used  the  depth  of  the  wood- 
blocks will  vary  according  to  the  dimensions  of  the  former. 
The  length  ol  the  wood-blocks  to  be  placed  at  the  sides 
of  the  granite  setts  is  9  inches,  and  Ihat  ol  the  wood- 
blocks to  be  placed  at  the  ends  of  the  latter,  3^  inches, 
with  a  width  of  1^  inch,  which  dimensions  have  been 
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iound  to  be  the  most  adyantageoiUi  as  a  general  nilei  for 
the  purpose. 

The  blocks  ar4  formed  of  Tasmanian  stringy  bark  ot 

IJuealyptus  ohUquay  a  wood  which  is  about  equal  as  regards 
durability  and  antiseptic  properties  to  the  best  of  the 
Auatralian  hard  woods,  whilst  having  the  advantage  of 
possessing  great  toughness,  which  causes  the  blocks  to 
bnrr^  and  renders  them  less  slippery  than  some  of  the 
other  hard-wood  blocks.  It  is  claimed  that  this  type  of 
payement  oTercomes  the  danger  of  injury,  to  which  wood 
pavements  are  frequently  liable  to  be  subjected,  by  reason 
of  the  expansion  and  contraction  of  the  wood,  and  also  that 
it  is  both  durable  and  cleanly,  and  affords  a  safe  f ootiiold 
for  horses.  The  Bingham  Pavemeut  has  been  in  use  in 
various  parts  of  Sheffield  for  two  or  three  years  past,  and 
is  said  so  far  to  have  given  complete  satisfaction. 

Lahr^M  Faku^  Pamng, — This  paving  consists  of  asphalte 
powder  amalgamated  with  cement-concrete  and  formed  into 
blocks  of  suitable  und  varying  thicknesses  by  mechanism 
under  a  high  pressure,  by  which  means  it  becomes  an  in- 
separable whole.  The  blocks  are  laid  in  mortar  on  the  con- 
crete bed,  a  thickness  of  2|  inches  being  used.  Experiments 
with  pavements  of  this  description  are  said  to  have  proved 
that  a  complete  internal  combination  of  these  otherwise 
heterogeneous  materials  is  obtained.  In  1893  trial  lengths  of 
this  pavement  were  laid  in  Frankfort,  some  between  veiy 
busy  tramway  lines,  and  they  are  said  to  have  given  great 
satisfaction,  and  to  have  proved  that  it  is  capable  of 
entering  into  successful  competition  with  other  noiseless 
pavements.  Amongst  the  advantages  claimed  for  this 
pavement  are  that  it  is  comparatively  noiseless,  is  quiddy 
and  easily  laid,  and  that  it  can  be  easily  opened  up  to 
allow  of  excavations  being  made  for  pipes  or  sewers,  and 
afterwards  relaid. 

Combination  8$U  J^aving* — A  combination  sett  pavement 
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inyented  by  Mr.  McDougall,  consists  of  a  vitrified  blue 
paving  brick  measuring  10  inches  x  incites  x  5  inches, 
and  having  recesses  into  which  1  inch  square  creosoted 
wooden  plugs^  2  inches  in  length,  are  driTen,  so  as  to 
leave  abont  A-in^  projecting  abore  the  surface  of  the 
brick.  These  bricks  are  laid  on  a  concrete  bed,  with 
close  joints,  either  hot  pitch  or  a  bituminous  mixt  ure  being 
employed  for  grouting.  It  is  claimed  that  these  paving 
bricks  are  very  durable  and  non-slippery,  and  they 
are  said  to  have  been  used  mUh  success  in  several  pro* 
vincial  towns 
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■     CHAPTER  XXIL 

COMPABISON  or  CAJREIAQE-WAY  PAVEMENTS* 

Comparative  Costs. — The  experience  of  hard- wood  paye- 
ments  of  the  best  oonstraction,  for  oarriage-wajB,  in 
England,  is  of  xeoent  origin^  and  the  terms  of  a  oompaia- 
tiTe  statement  of  fheir  eoet  with  that  of  aephalte  must  be 
approximative.  The  results  of  various  estimates  already 
givezi,  are  here  grouped  together  lor  easy  reference,  not 
as  matured  estimatesi  nor  even  as  data  for  direot  eoin- 
parison:*- 

Granite  Favmmt^  in  the  City  of  London,  excluding  Foundation. 

Duration.  Total  oust  per  ye&r. 

Sxa/oednudi  Sbeei  (page  185)    25  yMzs      7*92d.  per  sqiiaie  yaxd 
London  Bridge  (page  18i)   .       9  li.  lOfd.  n 

FiyeThoroiigbffaM  (page  188)     14         la.  7d.        n  w 

Wood  Fttiomimtif  m  th$  City  of  Jandoi^  uidnding  BaUaet  JFomidaiiono^ 

Oarey'a  eix  thoroqtfhfawa  .      lOlyem     2e.  6d*  per  aquaie  yard 
ImpiOTed  Wood— four  do.  •      16   „  (oont.)  2s.  4d.      »,  ^ 

AephaUe  HaifonmiOf  in  the  City  of  London^  inoMHeig  Foundations  of 

Conoreio* 

Val  do  Tr&TGTS  ) 
(CompreBsed)    .  ^^^^')  to  28.  4*d.  per  square  yard 

Limmer  (Mastic)  .  17  »»  ,»  la.  4^  to  Is.  71  d.  „ 
Baxiiett'B(  „  ).   18  „     „         ,       la.  lO^d.    „  „ 

An  allowanoe,  at  the  rate  of  \b,  9d,  per  square  yard  for  the 
first  cost  of  a  concrete  foundation,  may  be  made,  in  esti- 
mating tko  additiou  to  be  made  to  the  above-noted  costs  of 
granite  pavements,  to  bring  tliem  into  direct  comparison 
with  the  other  payementa.  But,  the  costs  as  given  for  wood 
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and  asphalte  are  only  nominal.  Beference  to  a  previous 
chapter,  and  to  the  table  belowj  shows  that  tiie  total  cost 
for  conBtraction  and  maantenanoe  of  hard  and  other  wood^ 

pavements  of  tho  best  recent  constmctioil  is  much  less 
than  the  costs  above  given. 

The  oost  of  compressed  Trinidad  asphalte  road  complete 
is  about  129,  Bd.  per  superficial  jtoAf  with  five  years*  free 
maintenance. 

Mastic  Trinidad  asphalte  for  footpaths  costs  from  4«.  per 
yard  superficial  and  upwards  according  to  thickness. 

Mr.  EUice  Clark's  table  *  of  the  comparatiye  cost  at 
Tarious  road  aorfaces  compiled  in  1879  is  as  follows 


Tabu  2So.  89*.— OoMMsmvi  Ckisr  or  Yisxous  Boad  SimicsB. 


■ 

Original  coat 
per  square  yard. 

Interest  on 
original  cost. 

Sinking  Fund 
at  3  per  cent, 
compound 
interest. 

Maintenance 
per  square  yard. 

Soavengwg 
8q;iiAi«  yard. 

Total. 

Comprnssed 
Ashphalte  . 

Wood  (liver- 1 
pool)  •   «  J 

Granite .   .  . 
Macadam  .  . 

8.  d. 

18  0 

15  1*5 

17  9 
4  9 

d. 

9*7 

7-6 

9-6 
21 

d. 

10*1 
•5 

8,  d. 

0  3-6 

0  1 

0  1-3 
3  6 

d. 

0-4 
(   2-7  ) 
{  gravel  > 
(   50  ) 

2-6 
120 

8.  d. 

1  1-7 

2  2-3 

1  1-9 
4  81 

The  exact  cost  of  compressed  asphalte  must  naturally 
depend  to  a  great  extent  upon  the  district  in  which  it  is 
laid;  but  at  the  present  time  it  may  be  taken  in  London 

to  be  botween  I2s.  and  13^.  por  square  yard.  The  usual 
practice  of  the  asphalte  paving  companies  is  to  charge  a 
certain  fixed  price  per  square  yard  for  laying,  depending 
upon  the  thickness  of  the  layer  of  asphalte  required,  the 

•  rrgceedingt  of  the  A^octatton  o/  Mmnctpal  atid  Qouniy  EnginceTSf 
vol.  vi. 
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distance  of  the  locality  from  London,  &e.   The  maintenance 

is  arranged  iur  oitiier  at  a  tixod  priue  per  square  yard  per 
annum  for  a  term  of  years,  or  under  a  schedule  of  prices 
to  meet  tke  case.  Seventeen  jeaxs  is  the  term  most  ordi- 
narily arranged  f or,  two  years  free  and  at  the  rate  of  from 
6d,  to  lOd.  per  square  yard  per  annnm  for  the  remainder. 

In  the  United  States,  Barber  asplialte  seems  to  bo  the 
most  expensive  type  used,  and  is  presumably  the  best ;  it 
costs  3  dollars  and  60  cents  (14«.  7d,)  per  square  yard,  laid 
on  a  concrete  foundation,  for  the  complete  street.  A  yeiy 
good  asphalte  on  a  stone  or  concrete  foundation  can,  it  is 
said,  be  constructed  for  from  2  dollars  and  50  cents  ( 10«.  od.) 
to  2  dollars  and  85  cents  lO^d.)  per  square  yard 

including  grading  and  curbing.  Sheet  asphalte  in  Oinoin- 
nati  costs  2  dollars  and  85  cents  (11«.  lO^i^.}  per  square 
yard  fur  the  complete  street. 

Congress  prescribes  in  its  appropriation  bills,  that 
asphalte  pavements  in  Washington  shall  not  cost  more  than 
2  dollars  (8«.  4d,)  per  square  yard,  which,  it  is  to  be  in- 
ferred, does  not  include  curbing,  grading,  and  excavations. 

The  best  Medina  stone  block  pavements  used  in  Buffalo, 
Cleveland,  and  Eoehostor,  cost,  inchiding  grading  and 
curbing  and  all  work,  3  dollars  (12«.  to  3  dollars  and 
15  cents  (IS$.  Hd  )  per  square  yard.  At  Philadelphia  the 
cost  is  3  dollars  (12*  6d.)  for  their  best  granite  pavement, 
while  at  Cincinnati  it  is  4  dollars  and  25  cents  (175.  8J(?.) 
for  granite,  and  3  dollars  and  75  cents  (15*.  7 id.)  at 
Columbus  for  Medina  stone.  In  the  New  England  States 
the  cost  is  from  2  dollars  and  10  cents  (8«.  9d.)  at  Spring- 
field for  granite  or  sand  foundations  to  3  dollars  (125.  6d.) 
at  Boston  for  the  same  material  on  a  stone  foundation, 
with  one  piece  at  Providence  on  concrete  foundation  cost- 
ing 4  dollars  (16«.  8i.)  Almost  all  New  England  and 
interior  New  York  cities  use  only  sand  or  gravel  f ounda* 
tiuu,  at  a  cost  of  from  2  dollars  and  10  cents  (B^.  9^^.}  to 


Digitized  by  Goo^^Ie 


329 


2  dollars  and  50  cents  (lOs,  5d.)  per  sq.  yd.,  as  do  also 
Milwaiikee  and  MinneapoliSi  this  cost  being  for  tbe  com- 
piete  street 

Brick  pavements  cost  from  1  dollar  65  cents  (Ga\  10i<?.), 
laid  on  sand  or  gravely  to  2  dollars  and  50  cents  {\0s,  64,)^ 
laid  on  concrete,  the  cost  further  vaiying  onder  the  same 
influences  that  affect  the  cost  of  other  pavements. 

Tiie  cost  of  the  Garchez  de- vitrified  or  annealed  p^lass 
bricks  or  blocks  recently  laid  in  Paris  is  given  at  1U«.  per 
square  yard. 

The  cost  of  Yorkshire  paving,  8  inches  thick,  laid  in  the 
City  of  London,  amounted,  in  1850,  to  from  6«.  to  6$,  Sd, 

per  square  yard;  and  the  average  cost  for  repair 
amounted  to  about  one  penny  per  square  yard  per  year. 
After  remaining  down  for  about  18  years  in  principal 
thoroughfares,  the  paving  was  removed  and  relaid  in 
courts  or  in  streets  of  inferior  traffic,  where  it  was  esti- 
mated it  would  last  from  15  to  20  years  longer.  The  total 
life  was  taken  at  36  years. 

In  1875,  it  was  estimated  that  the  Yorkshire  stone  foot- 
pavements  of  London  lasted  only  7  years  in  the  busiest 
localities,  or  12  years  in  localities  of  small  traffic*  There 
appears  to  be  an  error  in  the  estimate. 

The  cost  of  supplying  and  laying  d-inch  Yorkshire 
flag-stones  in  Livezpooly  before  the  introduction  <rf  Caith- 
ness flags,  was  from  8«.  6i?.  to  S$.  9S.  per  square  yard* 

Average  costs  of  foot  pavements  (G.  J.  Crosbie) 


Yorkshire  Flatrs        .  • 

Asphalte,  Val  de  Travera  • 

Blue  Briok  Paving   •  • 

Gravel  Paths  •         •  « 


Sir  sqiiMe  yuA 

s.  d. 

9  9 

6  0 
4  Cy 
2  3 


Con^arative  Slippermm^'^ColoRel  Haywood,  in  1873| 
•  Th0  SuiUtr,  July  81,  1875,  page  679. 
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made  ezhaustiYe  obsefratioiis  on  the  aoddemtB  to  hones 

on  carriage-way  pavements  in  the  City  of  London:— 
granite,  wood,  and  a8p}ialte.  The  wood  pavements  con- 
sisted of  the  Improred  Wood^'*  and  the  ^*  Ligno-Mineral " 
payements.  Qlhe  asphalte  payement  was  the  Yal  de 
Travers  (compressed). 

The  average  of  50  digr^*  observations  showed  that 
granite  was  found  to  be  the  most  Bli^»€ii7i  asphalte  nezl^ 
and  wood  the  least.   That, — 

Granite  was  most  slippery  when  dry ;  safest  when  wet. 
Asphalte  damp;   j,      „  dry. 

Wood  n  I*   damp;  >,  dry. 

The  numerical  data  upon  which  theso  conclufiions  are 
founded,  are  summarised  in  the  Table  JD^o.  40. 


TabIiB  No.  40.-^Oitt  of  London  :— Compabatitb  SuprsBniBM 

OF  OABBUOB-WAT  PAVSXBNm 


DMan 

Dry. 

Wit 

Arerage 

of 

60  dajs. 

Miles. 

Miles. 

Miles. 

Mile«. 

Granite      #      •      ,  . 

78 

168 

587 

182 

Ajphalte  .... 
Wood  (two  kinds)  . 

223 

125 

192 

'  191 

646 

193 

482 

1  880 

Improved  Wood . 
liigoo-ldifflnd    •      •  . 

446 
88 

Here  it  is  to  be  observed,  that  the  worst  condition  of 
payement  was  dxy  granite,  and  the  best  condition  was  dxy 
wood.   The  Ligno-mineral  wood  payement  is  obyionsly 

far  inferior,  in  point  of  safety,  to  the  Improved  Wood. 
Improved  Wood  may  be  taken  as  representative  of  other 
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wood-pavemeats  xdcently  laid;  in  respect  of  safety  to 
horses. 

(hmj^arMw  (kmmUmM. — Wood  pavements  make  the 
leaflt  noise;  and  asphalte  pavements  make  less  than 

granite.  Of  tho  wood  pavements,  the  quietest  are  tlioso 
which  are  laid  on  concrete ;  and  the  closer  the  joints,  the 
quieter  and  steadier  is  the  motion  over  the  pavement. 
For,  in  aU  wood  pavements^  the  fibre  is  tamed  over  at  the 
edges  into  the  interspaces  j  and  a  series  of  hollows  is 
established  between  the  blocks,  which,  in  the  more  widely 
set  pavements,  give  rise  to  unplessant  vibration  in  vehides 
passing  over  them,— like  that  produeed  by  a  stiff  spring 
insufficientlj  loaded.  Henson's  pavement  is  the  only  one 
in  which  such  vibration  is  prevented ;  and  it  is  no  doubt 
the  diyest^  the  smoothest,  and  the  most  silent  of  wood 
pavements,  whilst  it  is  likdy  to  be  amongst  the  most 

durable. 

Wood  al)  sorbs  moisture,  and  is  ^equentiy  damp  when 
asphalte  is  dxy;  but  if  it  be  reasonably  dean,  the  damp- 
ness does  not  affect  the  safety  or  the  comfort  of  the  traffic. 
Colonel  Haywood  says  that,  although  some  streets  in  the 
City  have  been  paved  with  wood  for  thirty  years,  no  com- 
plaints of  offensive  smell,  or  of  unhealthiness,  have  been 
made  to  the  Commission. 

The  Committee  of  the  Society  of  Arts,  on  Traction  on 
Eoadsy  express,  in  their  report,  very  strong  sanitary 
objections  to  wood  as  a  materiallbr  pavements.  Since  that 
report  was  written  the  practiee  of  wood  paving  has  been 
much  improved.  As  Colonel  Haywood  puts  it,  "  in  con- 
fined places,  and  under  some  conditions,  wood  might  be 
objectionable.  I  have  seen  it  decaying  in  confined  places 
without  traffic.*' 

*  Pointed  in  the /(wnisf^ljl^iSSM^y 
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nracHoM  •»  Farkut  £oad  SurfodM.'^  An  Am&tinsm 
authority,  Mr.  Budolph  Hering,  is  reported  to  have  said,* 
that  if  1  horse  can  just  draw  a  load  on  a  level  road  on 
iron  railf),  it  will  take  If  horses  to  draw  it  on  asphalte,  3^ 
hones  on  the  beet  Bdgiaa  blodc  pareBiAiiti  6  horses  on  the 
ofdiiuury  Belgian  paTement,  7  horses  on  good  oobhle  stones, 
13  horses  on  bad  cobble  stones,  20  horses  on  an  ordinar/ 
earth  road^  and  40  horses  on  a  sandy  road. 

Table  No.  40*.— Ck)ifPA&ATiys  Co&i  of  Bbicx  Payino  ur  London 
AS  CcnceiUD  vo  oma  Mitsbuu.-*^.  WptUimtfe, 

B.  d.     s.  d. 

Grauita  beiUf  6-m.  bj  3-in.,  laid  and  grouted  with 

tnlmiiiiunis  grout         •      «      •  .12  610  13  6 

CSreoaoied  yeUow  dos],  8-iii.  Ijj  4)-i]i.,  with  Utmninoiis 

^out  76to86 

Jarrah  or  Karri,  3-in.  hj  4\-in.,  with  bituminouB  grout  10  6  to  11  6 
Compressed  asphalte,  2-iu.  thick,  with  bituminous 

groat  •      .      .   10  0 

Wo(Siacroft  bricks,  S-in.     H4sl  hf  2f  «iti.  od  1  to  l^-in. 

euahiuii  of  sand     •     •     •      •     •  .74 

Add  to  Mch  of  the  above  a  6-I11.  oonerelie  fdnndstioD  at  2«.  6d.  per 
tnper  ysid. 

*  "  Asphalt  Favomento.**  By  S.  Whinerj.  JmrmU  ^  ih$  Aimim- 
<tM  of^iMwing  S0eieii$h  Philadelphia,  1804. 
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FOOTPATHS.— CROSSINQS. 

Footpaths. 

Iba^mihif  gmmul  ckaracteriHu  /0aUtrM.—A.  gmt  number 
of  different  materials  are  employed  for  the  paving  of  foot- 
paths or  footways,  the  extensive  use  of  any  particular 
paving  material  in  a  district  being  naturally  generally  due, 
to  a  very  large  extent^  to  the  greater  or  lesser  facility  with 
wluch  it  can  be  procured  in  the  neighbourhood.  As 
regards  the  width  of  a  footpath,  this  will,  of  course,  have 
to  be  governed  by  a  variety  of  circumstances.  That  laid 
down  by  the  model  bye-laws  of  the  Local  Government 
Board  is  that  it  should  be  not  less  than  one-aizth  d  the 
entire  width  of  the  street.  The  same  authority  also  pro^ 
Tided  that  the  footway  is  to  have  a  fall  or  slope  towards 
the  curb  at  the  rate  of  half  an  inch  in  every  foot  of  width 
if  unpavedy  and  at  the  rate  of  one  quarter  inch  and  not 
more  than  one  half  inch  in  every  foot  of  width  if  paved. 

An  ideal  material  fdr  paving  footpaths  shotJd  possess 
certain  qualities  which  are  easy  enough  to  define  but  which 
it  is  a  far  more  difficult  matter  to  find  in  any  one  material, 
indeed  all  the  materials  in  use  up  to  the  present  are  found 
wantmg  in  the  one  or  other  respect.  The  qualitiee  that 
should  be  looked  for  in  a  practically  perfect  material  for 
paving  footpaths  are  as  folJows  : — ^It  should  be  possessed 
of  good  wearing  qualities,  be  not  easily  abraded,  and 
whilst  having  a  smooth  and  pleasant  surface  to  walk  upoui 
be  at  the  same  time  neither  slippery  when  new  nor  become 
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ao  from  wear.  The  texture  of  the  material  should  be  as 
nearly  miilonn  as  possible  so  as  to  thereby  insnre  all  parts 

of  the  pavement  wearing  the  same,  or  practically  so.  It 
should  be  as  impervious  to  water  as  possible.  It  should 
be  of  such  strength  as  to  enable  it  to  withstand  shocks  due 
to  falling  objeotSi  It  should  be  aa  nearly  as  possible 
uniform  in  colour  for  appearance  sake,  and  have  a  surface 
of  such  a  nature  that  there  will  be  the  TT^^T^iTnuTn  tendency 
of  dirt  to  stick  to  it. 

Maimak  mploffid  for  paimg  Footpaths, — Broadly,  pave- 
ments for  footpaths  are  of  two  kinds  or  classes,  vie. : 
Krsily— Those  consisting  of  a  number  of  slabs  or  blocks 
laid  upon  a  more  or  less  solid  foundation  and  having  their 
joints  or  interstices  grouted  with  some  suitable  material. 
And  secondly — Those  which  are  laid  in  ftto.  The  £rst  of 
these  two  main  classes  is  subdivisible  into  natural  stones, 
artificial  stones,  and  bricks  or  blocks  formed  of  some  suit- 
able material.  And  the  second  is  subdivisible  into  con- 
crete paving  and  asphaltic  paving. 

MUvral  Stone  Pavmmts.^ThB  natural  stones  employed 
for  paving  footpaths  comprise  granite  slabs,  blue  lias 
flagging,  Devonian  limestone  flagging,  pennant  flagging, 
purbeck  flagging,  lazenby  flagging,  Yorkshire  flagging, 
and  Caithness  flagging. 

Granite  slabs  form  a  foot  pavemeht  of  extreme  strength 
and  durability,  but  are  both  costly  and  difficult  to  work, 
uud  after  u  certain  amount  of  wear  they  are  liable  to 
become  dangerously  slippery.  The  slabs  usually  employed 
are  from  3  to  6  inches  in  thickness. 

Blue  lias  flagging  is  cheap,  durable,  and  deanly,  but  ta 
fiable  to  become  sHppery  with  wear. 

Devonian  limestone  flagging  is  a  very  fair  material  for 
^e  purpose  and  extensively  used  in  the  West  of  England. 

Pennant  flagging  is  a  sandstone  whieh  is  obtained  in  the 
vicinity  of  Bristol  and  weighs  about  168  pounds  per  cubio 
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foot.   It  is  a  iayourite  stone  for  paving  iootpatiis  in  some 

Furbedcis  alimesfcoiie  whidi  is  found  in  the  ooKtic  seriee 

in  Dorsetshire,  it  weighs  about  169  pounds  per  cubic  footi 
and  is  mostly  found  in  small  stones.  It  possesses  the 
qualify  of  great  durability  but  is  inclined  to  wear  slippery. 

Lazenbj  flagging  is  fnnn  the  Penrith  sandstone  lonning 
the  lofrest  member  of  the  Permian  group  in  the  district  of 
Penrith  in  Cumberland.  It  is  of  an  orange-red  and 
yellowish  colour  and  forms  an  excellent  flagging,  being  not 
only  exeeedinc^  duiable,  but  also  affording  a  good  foothold 
whether  wet  osr  dry.  If  well  laid  on  a  good  foundation 
these  flags  inXi  wear  evenly  down  from  a  ihiekness  of  three 
inches  to  one  and  three  quarter  inch  or  less. 

Yorkshire  Hagging  although  per^ps  the  most  exteuaively 
employed  has  a  number  of  yeiy  serious  disadvantages, 
amongst  which  aie  those  that,  firstly,  the  stones  vary 
very  much  in  degrees  of  hardness,  with  a  natural  con^u- 
quence  of  uneven  wear  and  depressions  which  retain  water 
in  wet  weather;  secondly,  water  is  liable  to  accumulate 
beneath  the  flags,  and  when  they  are  poorly  setis  squirted 
out  when  trod  upon ;  thirdly,  the  stone  laminates  in  frosty 
weather;  and  finally,  fourthly,  as  compared  with  its  degree 
of  durability  the  stone  is  expensive.  On  the  other  hand 
it  must  be  acknowledged  that  it  possesses  several  very  ex- 
eellent  qualities,  for  instance,  it  does  not  get  slippery 
through  wear;  can  be  taken  up,  redressed,  or  turned,  and 
again  used,  with  facility  ;  is  capable  of  being  worked  with- 
out trouble  to  irregular  frontages ;  and  the  stones  being 
obtainable  of  large  size  can  be  made  to  break  joint  pro- 
perly, are  pleasant  to  look  at|  and  form  an  agreeable 
surface  to  walk  upon.  The  stone  consists  of  two  classes, 
what  is  known  as  "soft-bedded  "  and  riving  stone."  The 
latter  class,  which  is  that  most  used  for  flagging,  is  again 
sub-divisible  into  the  white  and  brown  varieties,  the 
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former  bemg  the  liardest  and  most  durable,  and  abo 

including  blue  and  grey  stone.  The  price  of  Yorkshire 
flagging  3  inches  thick,  laid,  varies  from  Ss.  6d.  per  square 
yard  up  to  8s.  6d.  per  square  yard,  and  even  higher 
aooovding  to  the  district* 

Oaithness  flagging  possesses  all  the  good  qualities  of 
Yorkshire  flagging",  and  iy  free  from  some  of  its  disadvan- 
tages. It  is  durable^  and  wears  evouly  over  its  entire 
smfaoe,  is  impervious  to  moisture^  not  affected  by  frost, 
soon  dries  up  again  after  rain,  does  not  scale  or  flake,  and 
is  not  liable  to  become  dangerously  slippery  from  wear. 
It  is,  besides,  a  very  clean  material,  and  not  liable  to 
become  coated  with  dirt  and  dust.  A  oonsiderable  saving 
is  effected  by  the  use  of  this  stone,  inasmuch  as  its  natural 
faces  can  be  used,  and  as  the  edges  are  sawn  it  will  be  seen 
that  the  joints  can  bo  made  with  expedition,  and  will, 
moreover,  have  a  very  neat  and  pleasing  appearance.  The 
resistance  of  this  stone  to  bending  stress  is  greater  than 
that  of  Yorkshire  flagging,  and  it  is  capable  of  with- 
standing heayy  loads  without  injury.  The  fact  that  the 
flags  can  be  again  laid  after  they  are  half-worn,  joined  to 
the  above-mentioned  saving  due  to  the  possibility  of  using 
the  natural  faces  of  the  stone,  render  it  very  economical 
for  footpatii  pairing.  The  flags  can  be  laid  from  1^  indies 
to  2  inches  in  thickness. 

Artificial  Stone  Pavements. — What  are  generically  known 
as  artificial  stones  consist  of  two  classes,  the  one  wherein 
a  mechanical  process  is  employed,  and  which  are,  in  realify, 
all  varieties  of  concrete  slabs ;  and  the  second  wherein  a 
chemical  process  or  a  combination  of  the  two  processes  are 
employed.  A  large  number  of  artiflcial  stones  have  been 
devised,  and  of  those  which  are  in  use  the  following  may 
be  mentioned:  Firstly  (mechanical  process).  Adamant 
stone ;  Indurated  stone ;  Stuart's  granolithic  stone ;  Clinker 
stone ;  and  Metallic  lava.  Secondly  (chemical  process), 
Victoria  stone ,  Bansome's  stone  i  and  Imperial  stone. 
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MeehanM  proem, — Adamant  stone  is  manufactured  by 
a  purely  mechanioal  process.   It  consists  of  fim  lj  crashed 

Aberdeen  granite  and  the  finest  Portland  cement,  and  theso 
materials  havin<^  been  properly  mixed  ia  a  suitable  mould 
are  subjected  to  a  Jiigh  pressure  iu  an  hydraulic  press. 
The  effect  of  this  pressure,  which  amoimts  to  some  hundreds 
of  tons,  is  to  completely  expel  from  the  mass  all  air  and 
moisture,  and  to  form  a  complete  auialgamation  of  tho 
materials,  the  stone  thus  manufactured  being  both  denso 
and  non-porous.  From  the  result  of  tests  carried  out  by 
ICessrs.  D.  Kirkcaldy  and  Son,  it  appears  that  a  block  of 
this  artificial  stone,  12  inches  square  by  2^  indies  in  thick- 
ness, was  crushed  at  413*1  tons. 

These  paving  slabs  are  ordinarily  manufactured  in  three 
sizes,  viz.,  3  feet  by  2  foot ;  2  feet  6  inches  by  2  feet ;  and 
2  feet  by  2  feet,  the  slabs  being  2  inches  thick  in  each  case, 
and  being  capable  of  being  manufactured  and  ready  for 
use  in  a  few  days. 

The  Patent  Indurated  Stone  Company,  of  Millwall, 
London,  manufacture  a  type  of  paving  for  footpaths  which 
they  term  Patent  Indurated  Slab  Paving.  Q^LOse  paving 
slabs  are  oomfiosed  of  Portland  Cement  tested  thorouglily 
for  strength  and  soundness,  and  Granite  Chippings  of  a 
quality  calculated  to  give  the  best  results  when  incorporated 
with  the  Portland  Cement.  During  the  process  of  manu- 
facture, the  raw  materials  are  hardly  treated  by  hand 
labour  from  the  time  of  being  put  into  the  conveyor, 
■which  supplies  the  special  mixing  apparatus,  to  the 
time  when  the  concrete  is  moulded  to  a  true  and  perfect 
slab,  thus  securing  a  perfect  uniformity  of  quality. 

A  high  degree  of  cohesion  between  the  cement  and  the 
other  materials  is  produced  by  patent  machinery,  and  the 
result  is,  a  paving  which  the  makers  claim  is  capable  of 
defying  alike  the  ravages  of  time  and  the  wear  of  foot 
traffic,  and  which  does  not  become  slippeiy. 

z 
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This  axtifinial  Btone  is  said  to  be  approred  of,  and  to  be 
used  at  the  present  time,  by  a  large  number  of  publio 

bodies.  Tlic  durability  of  the  flags  is  shown  by  tho  fact 
that  slabs  which  hare  been  laid  in  Poplar,  where  the  traffi.o 
is  yerj  sererei  haye  been  taken  up  after  eleven  years,  and 
the  wear  during  that  time  has  been  found  to  be  less  than 
iVth  of  an  ineh. 

8tiiart*8  granolithic  stone  is,  as  its  name  implies,  composed 
of  finely  divided  granite  concrete.  The  granite  is  broken  to 
the  sise  of  f  of  an  inoh  and  smaller,  and  Pordand  cement 
is  employed,  the  proportions  being  preferably  from  three 
to  four  parts  of  the  former  to  one  part  of  the  latter.  Mr. 
P.  Stuart,  the  inventor  of  the  above  composition,  has  also 
def  ised  a  pavement  for  footpaths,  in  which  the  paving  alabs 
or  blocks,  which  are  made  of  the  above-mentioned  grano- 
lithio  concrete,  have  formed  in  them  conduits  for  telegraph, 
telephone,  and  electric  light,  and  other  wires  or  cables. 
These  slabs  or  blocks  are  either  moulded  or  they  are 
made  in  one  piece,  or  in  upper  and  under,  or  lower  pieceSi 
or  they  are  made  with  a  hoUowed-out  or  concave  portion, 
intended  for  the  reception  of  the  wires,  &c.,  in  which  latter 
case  tho  edges  of  the  slabs  rest  either  on  tho  p:ronnd  or  on 
a  foundation  of  concrete.  This  material  is  now  usually 
laid  ill  sUu  instead  of  being  formed  into  separate  paving 
slabs  or  blocks,  and  a  more  extended  description  tiiereof 
will  be  found  under  the  heading  of  pavements  for  foot- 
paths laid  in  this  manner. 

Clinker  stone  consists  of  the  clinker  obtained  from  the 
burning  of  town  refuse  in  dust  destructor  furnaces  f onned 
into  paving  blocks  or  slabs  by  disintegrating  same,  and 
mixing  with  Portland  cement  in  suitable  proportions. 
Concrete  paving  blub^  or  blocks  niado  from  this  material 
are  far  inferior  to  those  made  with  granite  or  other  more 
durable  material,  but  they  possess  the  advantage  of  being 
cheap,  and  therefore  form  a  suitable  medium  for  the 
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paving  of  tlie  footpaths  in  second  and  third  rate  streets 
where  the  traffic  is  not  heavy. 

Metallic  lava,  a  name  given  to  a  stone  which  was  in- 
vented by  Orsi,  is  composed  of  broken  gravel  or  stone, 
ponnded  chalk,  tar,  and  wax.  The  usual  propoirtions  being 
3  parts  of  tlio  first,  2  parts  of  tlio  second,  1  part  of  the 
third,  and  -tVth  part  of  the  fourth.  The  process  of  manu- 
facture consists  in  first  melting  the  tar  in  a  suitable  boiler 
or  cauldron  and  subsequenlly  adding  the  remainder  of  the 
ingredients.  The  plastic  mass  thus  formed  is  ihen  cast  into 
moulds  into  the  desired  slabs  or  blocks.  In  order  to 
improve  the  appearance  ol  the  stone  it  is  usual  to  also  add 
a  mineral  colour. 

Ch§medl  jpro00M«— Victoria  stone  consists  of  finely- 
crushed  granite  well  washed  by  special  machinery,  and  of 
Portland  cement,  the  material  being  subsequently  steeped 
in  a  solution  of  natural  silica  to  harden  it  and  till  up  the 
pores*  The  aggregate  is  well  mixed  by  suitable  machinery 
whilst  in  a  dry  condition,  after  which  water  is  added, 
great  precautions  being  taken  not  to  allow  tho  ater  to 
carry  away  any  of  the  finer  and  more  soluble  portions  of 
the  cement.  The  concrete  thus  made  is  placed  in  metal- 
lined  wooden  moulds,  and  worked  by  hand-trowelling  until 
all  the  angles  and  sides  are  filled  up,  and  sharp  arrises  are 
insured.  The  moulds,  when  filled  in  the  above-described 
mauner,  are  left  on  the  benches  in  the  moulding  sheds 
until  the  concrete  has  sufficiently  set,  and  a  sufficient 
amount  of  the  water  of  plasticity  has  become  evaporated 
to  admit  of  the  slabs  receiving  a  beneficial  influence  from 
the  silicating  operation.  This  hardening  or  indurating 
process  is  an  absorption  one,  and  the  bost  effects  are 
attained  when  operating  upon  a  mass  ol  a  certain  porosity 
into  which  it  is  possible  to  introduce  an  accurately-prepared 
liquid  silicate  of  the  desired  specific  gravity.  As  soon  as 
the  slabs  have  sufficiently  driud,  the  mouldS|  which  are 
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made  in  separate  pieces,  are  removed,  and  tlie  partially- 
dried  slabs  are  then  placed  side  by  side  in  tanks  situated 
ia  sheds  in  the  silicating  yard,  which  tanks  are  then  Blled 
with  silicate  solution,  so  as  to  cover  or  immerse  the  shibs, 
and  the  latter  are  allowed  to  remain  until  the  proper 
beneficial  influence  lias  been  imparted  to  them.  Tlie  tiuio 
required  to  harden  or  indurate  the  flags  is  not  a  fixed  or 
arbitrary  one,  but  depends  entirely  upon  the  condition  of 
the  slabs  and  their  capacity  for  absorption ;  as  a  general 
rule,  howerer,  about  fourteen  days  is  found  under  ordinary 
circumstances  to  bo  sufficient  to  soeure  the  desired  effect. 
After  removal  from  the  silicating  tanks  the  slabs  are  stacked 
in  the  stone  yard,  and  are  there  left  to  season,  being 
removed  in  the  order  of  their  age« 

The  analysis  of  a  piece  of  Victoria  stone  paving  is, 
according  to  Mr.  H.  Reid,*  as  follows :  Silica,  50*35  ; 
alumina,  11*87;  oxide  of  iron,  7*33 j  lime,  18*33;  mag- 
nesia, 2*03 ;  potash,  1*78 ;  soda,  3*81 ;  carbonic  acid,  1*80; 
water,  organic  matter,  &c.,  2.  70 — ^total,  100*00.  The 
crushing  weight  per  cubic  inch,  from  tests  by  Messrs.  D. 
Kirkcaldy  and  Son,  is  8,321  pounds,  and  the  tensile  strain 
1,310  pounds  per  square  inch. 

The  slabs  of  Victoria  Stone  have  a  neat  and  pleasing 
appearance  when  laid,  and  form  a  durable  pavement, 

which  wears  uniformly,  and  does  not  become  dangerously 
yii|)pery.  The  slabs  are  made  in  a  number  of  ditieront 
sizes,  but  those  in  most  general  use  are  2  feet  6  inches  in 
length,  by  2  feet  in  width,  and  2  feet  square,  the  thickness 
in  each  instance  being  2  inches.  Paving  slabs  of  this 
thickness  weigh  froiu  25  pounds  to  26  pounds  per  foot 
superficiaL 

Eansome's  stone  is  claimed  to  be  superior  to  concrete 
blocks  inasmuch  as  in  appearance  it  is  not  distinguishable 

•  "A  Practical  Treatise  on  Natural  and  Artificial  Concrete.**  By 
H.  Reid.   London :  E.  &  F.  N.  8pon,  Ltd. 
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from  ordinary  stone.  The  method  of  manufacture  em* 
ployed  is  to  thoroughly  mix  a  suitable  sand  or  crushed 
rock  with  proper  chemicals,  and  mould  the  mass,  whilst  in 
a  plastic  condition,  into  the  required  form  of  slabs  or 
blocks,  which  latter  will  perfectly  retain  their  shape  after 
the  removal  of  the  mould.  These  slabs  or  blocks  are  then 
hardened  by  the  application  of  another  chemical,  applied 
by  means  oi  a  suitable  apparatus  comprising  an  arrange- 
ment of  vacuum  pumps,  which  chemical  acts  upon  those 
previously  used  in  such  manner  as  to  firmly  unite  the 
grains  of  sand  by  means  of  an  insoluble  bond  of  silicate  of 
lime.  It  is  generally  admitted  that  silicate  of  lime  is  tho 
strongest  and  most  permanent  cementing  ingredient  which 
can  be  found,  and  it  is  that  of  some  of  the  best  of  the 
natural  sandstones,  and  the  great  hardness  and  durability 
of  Portland  cement  ore  due  to  the  presence  of  the  same 
substance.  Silicate  of  lime  likewise  possesses  the  very 
important  advantage  of  being  proof  against,  and  liable  to 
no  injurious  action  whatever  from,  the  various  acids  which 
are  largely  generated  in  cities  and  towns  by  the  use  of 
coal  fuel,  and,  consequently,  any  stones,  whether  they  be  * 
natural  or  artificial,  whoso  particles  are  united  by  this 
cement  are  found  to  be  the  most  durable  for  use  in  cities 
or  towns,  or  wherever  the  atmosphere  is  impregnated  with 
add  vapours.  The  slabs  or  blocks  of  this  artificial  stone 
can,  if  necessary,  be  worked  exactly  like  any  natural 
freestone. 

In  the  course  of  the  process  of  manufacture,  the  alkali 
combines  with  the  free  silica,  and  a  species  of  glass  is 
formed,  thus  the  several  materials  are  cemented  together 

by  a  substance  which  does  not  admit  of  the  smallest 
absorption  of  moisture,  hence  the  ability  of  Ransome's 
stone  to  resist  the  attacks  of  frost  and  other  atmospheric 
action,  and  its  extreme  hardness.  The  solution  of  silicate 
of  soda  is  prepared  by  digesting  flints  by  boiling  them  in 
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a  caustic  solution  of  soda  in  a  high  pressure  boiler,  and 
the  proportions  employed  are  ono  gallon  of  tho  silicate  of 
soda,  haying  a  speoifio  grayity  of  1*165^  to  each  bushel  of 
well-diiad  saxid,  the  interstices  of  which  are  partially  filled 
with  dust  of  carbonate  of  lime.  The  plastic  mass  is  then, 
after  careful  mixinrr,  removed  to  the  moulds,  and  after 
running,  and  moulding,  the  slabs  or  blocks  are  immersed 
in  a  solution  of  chloride  of  calcimny  when  a  reaction  takes 
place,  and  the  silicate  of  soda  and  chloride  of  calcium 
Biutually  decomposo  each  other  and  reunite  as  silicate  of 
lime  and  chloride  of  sodium,  tho  fast  being  practically  in- 
destructible in  air,  whilst  the  latter  (common  salt)  is 
perfectly  deliquescent,  and  can  be  remoyed  by  washing, 
leaying  the  stone  impermeable  to  water.  It  is  of  great 
importance  tliat  this  washing  op  oration  be  properly  per- 
formed, as  if  this  be  not  done,  and  the  sodium  chloride  be 
not  completely  remoyed,  it  will  subsequently  make  its 
appearance  in  the  form  of  an  unsightly  white  efflorescoice 
on  the  surface. 

The  weight  of  this  artificial  stone  avorap:os  from  120  to 
130  pounds  per  cubic  foot,  and  its  porosity  is  about  equal 
to  that  of  a  natural  stone  of  a  similar  texture.  Samples 
of  the  stone  haye  been  subjected  to  the  usual  sulphate  of 

6od<a  tost,  and,  according  to  statements  by  the  inventor  and 
others,  have  withbtoud  its  action  perfectly.  Pieces  have, 
moreoyer,  been  immersed  in  water  and  frozen,  then 
heated,  and  again  frozen,  without  giying  eyidence  of  the 
slightest  sign  of  injury,  a  satisfactory  result  due  to  the 
perfectly  houiogcneous  nature  of  tlio  stone,  and  tho 
total  absence  of  bed  and  strata.  Tests  as  regards  crushing 
wdghts  haye  giyen  excellent  results  as  compared  with 
those  obtained  from  similar  tests  applied  to  the  best 
natural  sandstones,  cubes  of  4  inches  square  haying  been 
found  to  have  a  crushing  strength  of  from  44  to  48  tons. 
Experiments  iox  tensile  strain  on  pieces  haying  a  sectional 
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neck  area  of  2*25  square  inches  gave  a  tensile  strain  of 
1,000  to  1,200  pounds  on  the  arerage,  which  is  yezy  satis- 
factory when  it  is  remembered  that  that  of  the  best  London 
Portland  cement  breaks  at  a  tensile  strain  of  from  700  to 
800  pounds. 

The  nature  of  this  artificial  stone  being  gritfy,  and  pos* 
sessbg  great  uniformify  of  texture,  it  is  not  liable  to 

become  slippery  through,  wear,  nor  to  wear  unevenly. 

Imperial  stone  is  made  with  granite  reduced  to  pass 
through  a  A'^-inch  mesh,  which,  after  having  been  well 
wadied,  is  mixed  with  the  best  Portland  cement  in  the  pro- 
portion of  three  parts  of  the  former  to  one  part  of  tiie 
latter,  and  is  subsequently  indurated  or  liardened  with 
soluble  silicate  of  soda.  This  latter  is  made  from  pure 
flint  and  caustic  soda,  as  in  the  case  of  Bansome's  stone, 
and  the  dear  viscid  substance  is  usoally  digested  by  heat| 
under  pressure,  in  a  Papin  digester,  or  other  suitable 
apparatus.  The  materials  are  first  mixed  together  whilst 
in  a  dry  condition  in  a  horizontal  cylindrical  mixer,  and 
water  is  then  added  by  degrees  as  the  mixing  continues,  on 
the  completion  of  which  the  concrete  is  put  into  metal- 
lined  moulds,  and  is  placed  on  a  machine  similar  to  that 
employed  for  packing  tea  chests,  Ly  ^vhi(Jh  a  rapid  vibratory 
vertical  motion  is  imparted  to  the  mould,  and  the  plastic 
mass  caused  to  settle  down  therein,  so  as  to  get  rid  of  most 
of  the  air  spaces  and  produce  a  greater  uniformity  of 
texture.  The  operation  of  mixing  the  concrete,  and 
moulding  the  slab  or  block,  occupies  about  six  minutes, 
and  after  two  days'  drying  it  is  taken  from  the  mould  and 
is  allowed  to  dry  in  the  air  for  from  seven  to  nine  days. 
The  slab  or  blocks  moulded  in  tMs  manner  axe  finally  kept 
immersed  in  a  bath  of  silica  for  ^m  seven  to  nine  days, 
aiid  on  removal  are  left  stacked  in  the  open  for  several 
months,  after  which  they  are  ready  for  use. 

Maehim/or  the  Mmu/aciure  of  Artificial  Flags, — ^That  the 
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use  of  artificial  flags  is  rapidly  advancing  is  well  known  to 
all  those  interested  in  the  subject,  and  is  abundantly 
evidenced  by  the  fact  that  not  only  have  many  miles  of 
footways  in  London  been  constructed  of  Ransome's, 
Victoria,  Imperial,  and  other  artificial  stones,  but  even  in 
the  centre  of  the  stone  district  of  Yorkshire  their  use  is 
becoming  frequent.    A  number  of  machines  have  been 


Fig.  66. — Continuous-Acting  Machine  for  manufacturing  Artificial  Flags. 


devised  for  the  manufacture  of  artificial  flags,  one  of 
which  of  very  ingenious  construction  is  shown  in  our 
illustration,  Fig.  66.  This  machine,  which  is  made  by 
Messrs.  Henry  Berry  &  Co.,  Ltd.,  Leeds,  comprises  a  heavy 
revolving  cross-shaped  table,  and  two  rams,  the  first  and 
most  powerful  of  which  is  employed  for  pressing  the  flags, 
and  the  second  of  which  is  only  used  for  forcing  the 
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finiahed  flags  to  leare  the  moulds.  The  aboye-meutiosed 
revolying  cross^shaped  table  is  moimted  upon  a  fixed 
circular  table  having  a  truly  planed  perfectly  leyel  upper 

surface,  and  the  four  arms  of  the  former  are  provided  with 
rectangular  holes  corresponding  with  the  largest  size  of 
flag  which  the  machine  will  makCi  the  moulds  being 
bolted  in  position  in  the  manner  dearly  shown  in  the 

illustration. 

In  operating  the  machine  a  nicely-fitting  and  perfectly 
true  loose  metal  plate  is  £rst  laid  in  the  mould,  shown  on 
the  right-hand  side  of  the  illustration,  so  as  to  rest  upon 
tiie  fixed  table,  and  the  mould  is  then  filled  with  concrete. 
A  quarter  turn  is  then  imparted  to  the  revolving  table 
through  the  chaia-gearing  and  rack,  and  the  concrete  in 
the  filled  mould  is  levelled  off,  after  which  a  second  quarter 
turn  imparted  to  the  table  brings  it  into  position  below  the 
first  ram.   This  ram  is  then  put  in  operation,  and,  com- 
mencing witli  a  pressure  of  500  pounds  per  sc^uare  inch,  is 
gradually  increased  by  intensifying  up  to  one  of  3,500 
pounds  per  square  inch.   After  this  pressing  operation  is 
completed,  a  third  quarter  turn  is  imparted  to  the  table, 
and  the  mould  is  brought  into  position  beneath  the  second 
ram,  wliich  forces  the  flag  and  the  loose  plate  out  of  the 
mould  and  througii  a  hole  in  the  fixed  table  on  to  a  trolley 
beneath ;  and  a  subsequent  fourth  quarter  turn  brings  the 
mould  into  its  original  position.  It  will  be  seen  that  the 
operation  of  the  machine  will  be  continuous,  one  mould 
being  constantly  in  a  position  for  fiiling,  another  for  level- 
ling ofE,  a  third  for  pressing,  and  a  fourth  for  the  ejection 
of  the  finished  flag,  and  so  on  ad  infinitum,  four  men  or 
hoyn  being  engaged  in  this  work.  This  machine  is  capable 
of  turning  out  flags  at  the  rate  of  about  one  a  minute,  and 
of  making  them  of  the  following  sizes  :  2  feet  by  2  ftsot ; 
2  feet  by  2  feet  6  inches ;  2  feet  by  3  feet ;  2  feet  6  inches 
by  2  feet  6  inches ;  and  2  feet  6  inches  by  3  feet. 
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Brieh  FMpath  PmemsnU.^K  rery  faTOurite  material  for 

paving  footpaths  or  footways  in  many  parts  of  the  country 
is  brick,  and  no  better  pavement  of  this  class  is  to  be 
found  than  that  composed  of  Staffordshire  blue  bricks. 
These  payings  haye  been  in  use  for  a  considerable  number 
of  years,  and  they  haye  been  adopted  by  tiie  leading  but- 
Yeyois  and  engineers — ^borough,  county,  urban  district, 
and  rural  district — in  every  part  of  the  kingdom. 

Amongst  the  advantages  possessed  by  bricks  for  foot- 
path paying  purposes  are  that  they  are  convenient  in  size 
and  can  be  laid  by  any  ordinary  bricklayer.  They  have 
the  great  advantage  of  admitting  of  the  pavement  being 
readily  taken  up  for  laying  mains,  cables,  &c.,  beneath  the 
footpaths — a  factor  of  considerablo  importance  in  these 
days  of  electric  lighting,  underground  telegraph  and  tele* 
phone  wires,  &c. — ^without  disfiguring  the  surface  of  the 
pavement,  as  is  uioro  or  less  the  case  with  asphalte  and 
similar  pavements  which  are  laid  in  situ.  They  can  also 
be  relaid  by  any  handy  man,  without  necessitating  the 
employment  of  a  skilled  pavior,  as  would  be  required  for 
the  relaying  of  largo  flags. 

Blue  bricks  for  paving  footpaths  are  manufactured  in 
various  sizes  from  9  inches  by  4^  inches  by  H  inches,  up 
to  12  inches  by  6  inches  by  2^  inches,  and  plain-faced  or 
in  various  patterns.  These  bricks  are  made  by  one  firm 
(Hamblet's,  Limited,  West  Bromwich)  with  the  same  patr 
torn  on  both  sides  (reversible),  which  reduces  the  damage 
in  transit  and  cartage  to  a  minimum,  as  it  allows  the 
pavior  to  put  the  best  face  upwards  should  any  bricks 
have  the  misfortune  to  get  damaged.  In  cases  where  the 
reversible  pavings  are  laid  upon  a  sound  ash  foundation, 
it  also  allows  of  the  bricks  being  reversed  after  a  con- 
siderable amount  of  wear—making  a  practically  new 
pavement. 

Fig.  67  is  a  diagram  showing  how  plain  paving  bricks 
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may  be  laid  in  squares,  an  arrangement  whicli  has  a  very 
neat  appearance.  A  simple  pattern  of  paving  brick  is  that 
shown  in  Eig.  68,  which  is  known  as    Alepid"  payings, 


SIg.  07.— BiAgim  dMnviog  BwtM  itf  layi^ 

and  which  not  only  afiPords  a  better  {oothold  than  is  the 
case  with  ordinary  plain  paving  bricks,  but  also  obviates 
the  scaling  from  the  suxface  so  frequently  experienced  in 


Bg.  6S.— "  Alcpid  "  pattern  P«Ting  Bridtt. 


the  latter.   This  type  of  pavement  retains  the  plain  surface 
and  appearance  of  the  plain  brick. 
In  using  payings  with  a  figured  face  (chequered  or 
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otherwise)  the  joints  of  the  bricks  can  be  readily  con- 
cealed by  using  a  brick  with  a  pattern  complete  in  itself. 

l  or  iustance,  a    square  "  clie(iuered  brick,  such  as  that 


Fig.  69.— Sqiuure  or  ebeqiMxed  pattem  Paiing  Bridia. 


shown  in  Tig.  69,  or,  if  this  is  thought  to  be  too  monoto- 
nonsy  a  pattem  (manufactured  by.  Hamblef s.  Limited) 


Vfg.  70—**  SalM  "  registered  pattem  FMiag  Briekc 


under  a  registered  design  such  as  that  shown  in  Fig.  70, 
would  be  found  very  o&ctive,  and  it  will  be  seen  that 
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such  patterns  as  these  have  a  distinct  advantage  over  the 
popular  and  largely  used  diamond  chequered  brick  8ho\m 
in  Fig*  71,  in  which  the  pattern  is  cut  through  by  Ihe 
joint. 

Foi  durability  these  pavings  cannot  be  surpassed  by 


Fig.  71  .—Diamond  clic^ucrcd  pattern  Paving  Bricks. 


any  other  kind  of  footpath  pavings  upon  the  market,  and 
they  are  non-absorbent,  easily  deansed,  and  dry  rapidly 
after  rain.  They  are  also  non-slippery,  and  when  well 
laid  give  a  very  pleasing  effect. 

2Hh  Footpath  Pavements. — A  tile  for  paving  footpaths  is 
manufactured  by  the  Sanitary  Bluck  and  Tile  Pavement 
Company,  Limited,  whose  paving  blocks  for  carriage-ways 
we  haye  already  previously  described.  The  tiles  are  made 
in  a  similar  manner  to  the  road  paving  blocks,  and  the 
composition  employed  consists  of  tlio  same  quality  of 
asphaltic  cement,  but  a  carefully  selected  limestone  is  sub- 
stituted for  the  trap-rock,  as  the  former  is  found  to  give  a 
more  pleasmg  appearance,  and  it  is  not  necessary  to  employ 
so  hard  a  material  in  this  case. 

The  tiles  are  j)rincipally  made  of  a  hexagonal  form, 
and  are  each  subjected  to  a  pressure  of  80  tons  in  the 
press.  A  pavement  laid  with  these  tiles  is  found  to  afford 
a  good  and  safe  foothold  for  pedestrians,  and,  whilst  being 
smooth  and  even,  does  not  polish  or  become  dangerously 
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slippery  from  wear,  and  also,  wHck  is  a  gicat  advantage, 
wears  evenly.  Tiie  section  of  footpatb.  laid  at  the  Marble 
Aichf  where  the  foot  tra£&c  is  exceptionally  heavji  has 
demonstrated  that  this  type  of  paving  is  of  oonsiderable 
strength  and  durability. 

Various  other  Types  of  Brichs  employed  for  paviyig  FooU 
paihs, — Buckley  bricks  arc  a  veiy  suitable  description  of 
brick  for  paying  footpaths.  They  are  evenly  bumt>  the 
entire  bxicik  being,  as  a  rule,  vitrified  throughout,  but  at 
the  same  time  the  surface  has  not  the  glossy  vitrified 
surface  of  Staffordshire  bricks.  Those  bricks  aiiord  a 
su^ciently  rough  surface  to  obviate  any  chance  of  the 
pavement  becoming  nncomfortablj  slippexy,  and  they 
form  a  yery  good  surface  to  vralk  on.  The  size  of  these 
bricks  is  10  inches  by  5  inches  by  2  inches. 

A  vitrified  brick  of  a  light  buff  colour,  which  is  manu- 
factured from  granite  clays  found  in  Devonshire,  is  con- 
sidered by  many  to  form  an  excellent  brick  for  the  purpose 
of  paying  footpaths. 

Cork  bricks  aro  also  employed  for  paving  footpaths, 
aud  are  said  to  possess  the  advantage  of  being  non-absor- 
bent, noiseless,  durable,  not  liable  to  expand  and  oontract 
irhen  laid,  sanitary,  and  of  not  becoming  slippery  from 
wear,  even  when  wet.  The  bricks  are  jointed  with  a 
special  jointing  material,  which  is  sent  out  with  the  bricks, 
and  which  is  heated  in  an  ordinary  asphalte  boiler,  being 
well  stirred  to  prevent  it  from  burning.  The  bricks  are 
each  dipped  in  the  boiling  or  hot  jointing  material,  so  that 
the  bottom,  and  nearly  the  entire  of  one  side,  and  of  one 
end  of  the  brick,  will  bo  coated  with  it.  The  jointing  is 
kept  as  thin  as  possible,  but  full  of  bitumen,  and  if  this  be 
properly  attended  to  no  grouting  with  sand  and  cement 
will  be  necessary. 

ravcmenis  for  Footpaths  laid  in  situ, — Pavements  of  this 
description  are  freo  from  the  objection  that  all  slab  and 
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brick  pavements  are  opoii  to,  especially  the  latter,  viz., 
that  the  great  multiplicity  of  joints  renders  it  a  very  hard 
matter  to  keep  them  clean.  They  are  likewise  not  so 
liable  to  wear  nnevenly  as  brick  or  flag  payemente,  in' 
whioih  there  is  a  considerable  liability  to  have  yaiiations 
in  the  wear  of  adjacent  bricks  or  flatj^s,  and  consequent 
holes  or  depressions  liable  to  become  liiled  with  water  and 
mnd  in  wet  weather*  The  joints,  moreover,  spoil  the  ap- 
pearance of  ihe  paToment.  On  the  other  hand^  howeTer, 
all  pavements  laid  t fi  $iiu  are  far  harder  to  take  up  and 
make  good  again  than  flag  or  brick  pavements. 

A  concrete  footpath  laid  in  situ,  which  is  now  exton- 
fiively  employedi  and  which  is  both  strong  and  durable^ 
pleasant  to  walk  on»  cleanly,  and  extremely  pleasing  in 
appearance,  is  that  known  as  Stuart's  granolithic,"  a 
type  of  paving"  made  by  Messrs.  Stuart's  Granolithic  Stone 
Company,  Limited,  London.  This  pavement  is,  however, 
subject  to  the  objection  which  applies  to  all  pavings  laid 
in  $itUy  yiz.,  the  difficulty  experienced  in  opening  up  the 
pavement  for  the  putting  down  of  gas  or  water  pipes, 
beneath  tho  footpaths,  and  afterwards  relaying  same. 

The  directions  for  laying  btuart's  pavement  for  foot- 
paths as  originally  given  are  as  follows : — The  ground 
is  first  to  be  ^cayated  for  a  depth  of  7  inches  or  such  other 
depth  as  may  be  necessitated  by  reason  of  the  stren^tli 
required.  A  layer  of  broken  stone  sized  to  pass  through 
a  2^-inch  ring  and  free  from  sand  or  other  earthy  matter 
is  then  spread  level  in  this  excavation  to  a  depth  of  about 
3  inches,  and  on  these  stones  is  spread  a  layer  of  2  inches 
of  concrete,  previous  to  laying  down  which  the  bed  of 
stones  is  divided  or  pinned  olf  into  squares,  tho  size  of 
which  vary  according  to  the  size  of  the  slabs  it  is  desired 
to  produce,  and  in  constructing  the  pavement  the  concrete 
is  first  laid  on  alternate  squares  both  as  regards  the  length 
and  breadth  of  tho  pav  umont.    The  concrete  recommended 
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to  be  employed  consists  of  crushed  stones,  &c.,  or  gravel, 
sized  to  pass  through  a  l-inch  rmg,  mixed  with  Portland 
coment,  in  the  proportions  of  one  part  of  the  latter  to  five 
parts  of  the  former,  and  thoroughly  mixed.  The  concrete 
is  properly  levelled  with  a  straight- edjs^e,  after  which  it  is 
rolled  flat  and  compressed.  Eectangular  wooden  battens 
or  rods  are  then  laid  on  the  top  of  the  eoncrete,  around 
the  four  sides  of  each  square,  as  shown  at  d  in  Fig.  72,  and 
two  or  more  V-shaped  or  rectangular  grooves  are  cut  in 
eacli  slab  parallel  to  two  of  its  sides,  as  shown  at  which 
grooves  are  formed  by  passing  a  roller,  having  a  corres- 
pondingly shaped  flange  on  its  droumferencey  over  the 
slabs,  before  the  concrete  has  set  bard.  An  iron  bar  or 
rod  of  rectangular  section  is  laid  in  each  grove  with  its 
upper  edge  level  with  the  surface  of  the  concrete,  as 
shown,  and  other  rectangular  rods  are  laid  on  the  surface 
of  the  concrete  at  right  angles  to  these  rods.  The 
aboTO  rods  cross  eaeb  other  and  tbeir  ends  project 
beyond  the  points  of  intersection,  the  t^o  sots  of  rods 
being  secured  together  at  the  said  points  by  wire.  When 
curbs  and  water  channels  are  to  be  formed  along  with  the 
pavement,  wooden  boarding  is  fixed  to  the  line  of  the  curb 
before  laying  the  concrete,  and  the  iron  rods  situated 
in  the  grooves  extend  into  the  curb,  whilst  another  rod 
fastened  on  the  top  ol  these  rods  by  wire  extends  along 
the  centre  of  the  curb. 

On  the  surface  of  the  concrete  a  composition  of  granite 
cubed  to  the  sizo  of  ^-iuch  and  under,  with  Portland  cement, 
and  sometimes  with  the  addition  of  hnely  ground  or 
pulverised  hemsetite,  magnetic  or  other  iron  ore,  to  colour 
the  pavement,  is  q^read,  the  proportions  preferably  em- 
ployed being  three  or  four  parts  of  cubed  greuute  to  one 
part  of  cement.  This  composition,  which  is  called  by  the 
inventor  granolithic, is  spread  on  the  concrete,  so  as  to 
embed  the  iron  rods,  and  it  is  then  levelled  to  an  even  sur- 
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faod  with  ft  straiglit-edge,  the  thickness  of  the  layer  being 

regulated  according  to  the  strength  of  the  pavement  ro- 
quiredy  but  a  thickness  o£  1  inch  being  that  generally 
^ployed. 

The  thicknesses  usnaUj  employed  at  the  present  time  lor 

laying  "granolithic"  footpaths  are  shown  in  Fig.  73. 


Ilg.  78.— Section  showing  tbickncs<ie.s  of  Founilation,  Bed,  and  Layer  of 

OnaoUUiio  Pavement. 


First  a  good  foundation  ranging  from  4  inches  to  6  inches 
in  thickness  and  composed  of  dry,  broken  material,  such  as 
brick,  stone,  clinker,  or  other  hard  substance,  is  formed^ 

which  foundation  must  bo  absolutely  clean  and  entirely 
free  from  matter  of  a  loamy  nature.  Upon  tliis  founda- 
tion is  laid  a  bed  of  concrete  2  inches  in  thickness,  and 
finally  upon  the  top  of  this  a  wearing  surface  of  1  inch  in 
thickness  composed  of  granolithic.  In  some  instances  the 
curb  is  also  formed  of  granolithic  as  before  described, 
simultaneously  with  the  laying  of  the  paving. 

As  a  proof  of  the  enduring  qualities  of  Stuart's  grano- 
lithic payementy  it  may  be  mentioned  that  it  was  laid 
seventeen  years  ago  in  Leadenhall  Street,  London,  during 
which  time  it  is  computed  that  over  fifty-two  millions  of 
people  havo  passed  over  it,  and  yet  no  signs  of  wear  are 
Yisible  after  this  enormous  amount  of  traffic.  A  portion 
of  this  pavement  was  lifted  in  1892  and  was  subjected  to 
tests  by  Mr.  Kirkaldy,  who  ccrtihed  that  one  square  foot 
was  crushed  at  562*4  tons. 
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A  form  of  concrete  paving  laid  in  sttu  is  also  made  by 
the  Imperial  Stone  Company.  The  concrete  is  laid  on  a 
foundation  confltmcted  of  dinker  or  brick  rubbishy  in  two 
layers  of  2  inches  each»  no  surface  coat  being  used,  but 
the  finer  material  being  brought  to  the  top  by  means 
of  trowel  manipulation.  The  method  of  laying  the  con* 
Crete  wearing  surface  employed,  js  to  divide  the  footway 
into  bays  from  4  feet  to  6  feet  in  width,  by  screeds  formed 
with  wood  slips  on  the  foundation,  and  to  fill  each  alternate 
bay  with  well  worked  granite  concrete  ^\  liich  is  then 
trowelled  o^  perfectly  smooth  on  the  face.  As  soon  as  these 
portions  hare  become  set,  the  intermediate  bays  are  then 
filled  in,  and  finished  off  in  a  similar  manner.  The  wooden 
Btripa  being  left  in  position  tlio  separate  panels  of  concrete 
thus  formed  do  not  adliere  together. 

Concrete  composed  of  Guernsey  granite  chippings  and 
Hilton  and  Anderson's  cement,  is  said  to  make  an  excellent 
pavement  for  footpaths.  The  method  employed  is  to  lay 
it  in  two  thicknesses  upon  a  foundation  composed  of 
4  inches  of  gravel,  furnace  clinker,  or  other  suitable 
material.  The  first  layer  of  concrete  is  I  i  inch  in  thickness, 
and  is  composed  of  chippings  that  have  passed  through 
a  f -inch  mesh,  and  are  retained  by  a  ^V-inch  mesh,  mixed 
with  cement  in  the  proportion  of  four  of  chippings  to  one  of 
cement.  The  top  layer,  which  is  J-inch  thick,  is  composed 
of  finer  chippings  passing  through  a  iViacdi  mesh,  and 
the  proportion  of  cement  used,  is  one  of  the  latter  to  two 
of  chippings.  The  top  layer  is  placed  upon  the  bottom 
layer  within  half-an-hour  of  the  laying  of  the  latter. 
Each  layer  of  concrete  is  well  worked  after  being  placed 
in  position,  the  surface  of  the  top  layer  being  trowelled  oQ, 
perfectly  smooth.  The  channels  are  kept  apart  by  flat 
iron-bars  wlii<;]i  aro  witlidrawn  after  the  concrete  has  been 
placed  in  position,  and  strips  of  wood  2  inches  deep  and 
|-inoh  thick  are  then  inserted  before  the  face  is  trowelled 
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up.  A  considerable  area  of  concrete  for  path  paving  of 
this  description  was  laid  at  Wimbledon  some  five  or  six 

years  ago,*  and  is  said  to  give  great  satisfaction. 

Ordinary  concrete  pavements  for  footpaths  are  now 
usually  laid  in  the  following  manner.  The  ground  is  first 
excavated  to  a  depth  of  about  6  inches,  and  a  layer  of 
gravel  1  incli  thick  is  spread  upon  tlie  bottom,  over  which 
bottoming  a  2-incli  layer  of  hard  clean  stones,  broken  to 
pass  all  ways  through  a  3-inch  ring,  is  laid  and  thoroughly 
rolled.  The  surface  is  then  divided  into  bays  about  6  feet 
wide,  by  means  of  strips  of  wood,  and  a  1 -inch  layer  of 
concrete — forniGd  of  one  jiart  of  the  best  Porthiiid  cement 
to  two  parts  of  coarse,  well- washed  gravel  passed  through 
a  1-inch  meshed  screen,  and  two  parts  of  clean  sharp  sand 
— ^is  laid  in  each  alternate  bay  and  beaten  or  pounded,  and 
rolled  in  place.  A  1-inch  finishing  layer  or  wearing  sur* 
face  of  a  stronger  and  finer  concrete — composed  of  ono 
part  of  the  best  Portland  cement  to  two  parts  of  granite 
ohippings  sized  to  pass  through  a  ^-inch  meshed  screen  or 
sieve — is  laid  upon  the  above  before  it  has  had  time  to  set, 
and  is  properly  trowelled  and  smoothed  to  a  finished 
surface.  As  the  work  is  proceeded  with  the  wooden  battens 
or  strips  are  removed,  and  the  joints  or  interstices  between 
the  slabs  are  filled  up  with  sand.  The  slope  of  the  foot- 
path towards  the  curb  should  not  be  more  than  |-inch 
per  foot. 

The  advantage  gained  by  laying  the  concrete  in  slabs 
is  the  avoidance,  to  a  great  extent,  of  the  cracking  and 
blistering  of  the  surface,  to  which  it  is  liable  when  laid 
in  large  exposed  surfaces,  owing  to  the  action  of  the 
rapid  variations  in  temperature  to  which  this  climate  is 
subject. 

Concrete  footpaths  must  not  be  laid  in  frosty  weaiberi 

•  Froeudings  of  Ui4  lH*t%tution  of  Civil  Engitmrt^  1804-5,  yol.  oxxii.y 
part  iv.,  p.  %m. 
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and  the  footpaths  must  be  either  covered  with  planks,  or 
all  trsMo  kept  o&f  until  the  concrete  has  had  time  to  set 
pi  opoily.  In  very  dry,  hot  weather  it  Is  advisable  to  keep 
tho  pavement  coated  with  sand,  and  damp. 

Asphalte  Footpath  Pavements, — Asphalte  pavement  is  also 
largely  used  for  f ootpaths,  and  where  the  traffic  is  heavy 
the  form  sopietimes  employed  is  that  known  as  compressed; 
that  known  as  mastic  is,  however,  less  liable  to  crack  than 
the  compressed  asphalte,  which  latter  possesses  little  or  no 
elasticity^  and  is  theieforo  almost  certain  to  develop  un* 
sightly  cracks  owing  to  the  contraction  and  expansion  of 
the  concrete  foundation  due  to  variations  of  temperature, 
such  cracks  in  the  asphalte  surface  gonerally  correspond- 
ing to  others  in  the  concrete.  In  consequence  of  this  the 
mastic  type  is  that  most  frequently  used  for  footpaths. 
These  cracks  are  likewise  formed  in  roadways  paved  with 
compressed  asphalte,  but  the  action  of  tiie  traffic  in  this 
case  tends  to  close  them  up  again,  so  that  they  are  seldom 
apparent  on  the  surface  of  the  pavement. 

Mattic  Asphalte, — A  concrete  foundation  about  4  inches 
in  thickness,  and  composed  of  one  part  of  good  Portland 
cement  to  six  parts  of  washed  gravel  or  broken  stones,  is 
required  for  an  asphalte  footpath  paving,  the  surface  of 
the  concrete  being  properly  amoothed  over  and  then  allowed 
about  four  days  to  set.  The  mastic  asphalte  is  then  floated 
over  the  surface.  Mastic  asphalte  is  a  compound  consisting 
of  a  mixture  of  natural  asphalte,  natural  or  artificial 
bitumen,  and  grit,  in  the  proportions  of  20  to  30  per  cent. 
*  of  the  latter  ingredient,  to  from  d  to  7  per  cent,  of  the 
second,  the  remainder  being  made  up  by  powdered 
asphalte,  and  the  whole  being  heated  for  five  or  six 
hours  in  a  large  cauldron.  The  temperature  at  which 
the  mixture  liquifies  is  from  280  degrees  to  300  degrees 
Fahrenheit* 

Wh^n  the  sit^  where  the  mastic  asphalte  Is  to  be  used 
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is  within  a  reasonable  distance  of  tlie  works  it  is 
prepared,  it  is  usual  to  transport  it  from  the  latter  in 
receptacles  mounted  on  wheels,  and  fitted  with  a  fomaoey 
to  admit  of  the  composition  being  maintained  at  a  proper 
temperature  during  transit  and  use.  Agitators  worked  off 
the  axle  of  tlio  road  whools  by  endless  chains  are  also  pro- 
vided to  prevent  any  settlement  taking  place  during  the 
journey.  When  not  found  to  be  conyenient  to  transport 
the  liq^aefied  oompoeition  in  this  manner,  it  is  cast  into 
cakes  or  blocks,  and  is  then  remelted  on  the  spot  in  small 
street  cauldrons.  In  this  case  the  grit  is  sometimes  added  in 
the  small  street  caiddrons,  and  about  4  per  cent,  oi  bitumen  is 
put  in  to  make  up  for  the  loss  through  evaporation* 
When  at  a  proper  temperature  for  laying,  none  ol  the 
composition  should  adhere  to  a  wooden  spatula,  when  the 
latter  is  dipped  into  it,  and  light  jets  of  smoke  will  bo 
observed  to  be  issuing  from  the  liquid  mass.  The  melted 
material  is  transported  ftOBk  the  cauldron  to  the  site  in  iron 
pails,  the  latter  being  preyiously  well  heated  so  as  not  to 
prematurely  chill  or  cool  the  composition,  and  this  latter 
is  then  spread  evenly  over  the  foundation  by  means  of  a 
lioat.  The  thickness  of  the  layer  of  asphalte  required  for 
a  footpath  is  from  1  inch  to  H  inch,  and  the  surface  la 
finished  off  by  sprinkling  sxlyer  sand  upon  it  and  rubbing 
this  sand  in  with  floats,  after  which  the  pavement  will  be 
ready  for  use  in  about  six  hoiirs. 

According  to  one  authority  upon  the  subject,*  1  ton  of 
asphalte  will  coyer  20  square  yards  when  laid  1  inch  thick, 
A  skilled  workman  can  lay  140  square  yaid^  to  180  ei^uare 
yards  in  a  day  if  properly  assisted. 

Compressed  Asphalte, — Compressed  asphalte  is  laid  on 
footpaths  in  a  similar  manner  to  that  employed  for 
caniage^ways.  It  may  be  either  laid  on  a  concrete 
foundation,  or  on  a  thin  layer  of  mastic  asphalte  laid  ou 

•  Froctcding*    ike  ImHtuOm    Cwii  Mh^inms,  yoL  xlUi.,  p.  293. 
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concreto.  In  the  first  case  from  i  iuoli  to  1  inch  in. 
fMekaGBBf  laid  on  a  3-inch  concrete  foundation,  is  fre^ 
quently  employed ;  in  the  second  case  a  layer  of  compressed 
asphalte  J  inch  thick  placed  upon  one  of  mastic  asphalte 
i  inch  thick,  laid  on  3  inches  of  concrete,  has  been  em- 
ployed. The  life  of  compressed  asphalte  on  a  footpath 
is^  all  other  conditions  being  the  same>  about  one-third 
longer  than  that  of  mastic  asphalte. 

In  specifying  for  asphalte  footpaths  it  is  usual  to  pro- 
vide for  cutting  it  open  at  certain  distances  apart,  usually 
about  50  feety  to  measure  the  thickness  of  the  layer  of 
asphalte,  and  to  insist  that  ft  certain  proportion  of  such 
measurements,  say  five  out  of  every  six,  be  of  at  least  the 
specified  thickiiGss,  and  that  the  average  of  say  every  six 
be  at  least  of  the  specified  thickness. 

Tar  Footpath  J^avmenU* — Tar  pavement  is  a  type  used  very 
extensively  for  footpaths  in  all  localities  where  the  traffic 
is  light.  And  for  sucli  localities  it  lias  many  advantagus, 
for  instance,  it  is  easy  and  simple  to  manufacture,  com- 
paratively cheap,  admits  of  the  path  being  used  during 
construction,  is  cleanly  and  agreeable  in  appearance,  and 
does  not  present  a  slippery  and  dangerous  surface  to 
pedestrians.  If  made  properly  it  will  not  be  injuriously 
affected  by  the  heat  of  the  sun. 

There  are  numerous  methods  of  laying  this  pavement 
which  differ  the  one  from  the  other  in  some  slight  and 
generally  unimportant  particulars ;  the  following,  however, 
are  probably  tliuso  most  commonly  adopted,  and  may  serve 
as  standards  for  \\ov]s.  of  this  description,  premising  that 
certain  local  conditions  may  frequently  render  it  desirable 
to  make  departures,  in  the  one  direction  or  the  other,  from 
the  exact  modes  of  procedure  laid  down. 

The  material  employed  is  either  gravel  or  stone  chip- 
pings  screened  through  sieves  having  Ijt  inch,  |  inch, 
}  inch,  and  i  inch  meshes.  This  material  is  then  heated 
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on  iron  plates  so  arranged  tliat  fires  can  be  made  benoatli 
them,  and  a  tar  concrete  is  then  formed  therewith  by 
mrdng  thoroughly  with  tar,  pitch,  and  crooaote,  in  Hie 
proportions  of  one  ton  of  the  dried  and  heated  gravel,  or 
stone  cMppings,  to  12  gallons  of  tar,  ^  cwt,  of  pitch,  and 
2  gallons  of  creosote^  and  boiling  the  mass  together  in  iron 
cauldrons.  The  mass  of  tarred  gravel  or  atone  chippings 
ia  the  better  for  being  kept  two  or  tiiree  montiis  before 
use,  and  Bhould  be  laid  in  at  least  two  layers,  the  largest 
size  gravel  being  placed  at  the  bottom,  and  the  smaller  at 
the  top,  and  the  layers  should  be  each  well  rolled  with  a 
half-ton  roller,  the  surfoce  of  the  last  being  sprinkled  with 
white  spar,  grit,  or  stone  dusi 

A  tarred  pavement  will  require  to  be  dressed  during  the 
summer  next  ensuing  after  it  has  been  laid,  and  it  should 
be  given  a  periodical  dressing  afterwards,  say  every  three 
years.  This  dressing  is  performed  by  first  sweeping  the 
surface  of  the  footpath,  and  then  applying  the  hot  tar, 
a  layer  about  i  inch  thick  of  clean,  sharp  sand  being 
spread  on  the  tar,  which  both  prevents  the  latter  from 
sticking  to  the  feet  of  the  persons  using  the  footpath, 
and  also  by  getting  mixed  with  the  tar  forms  a  hard 
and  durable  surface,  increasing  the  longevity  of  the  pave- 
ment. 

The  work  should  be  executed  in  dry  weather,  and  pre* 
f  erably  in  the  autumn  or  spring,  and  not  in  the  heat  of 

summer. 

The  following  method*  of  laying  tar  footpaths  has  been 
successfully  adopted  in  Nottinghamshire,  by  Mr.  £.  P, 
Hooley,  G.E.  Slag  or  furnace  refuse  from  iron-works, 
obtained  in  the  neighbourhood,  is  the  material  principally 

used  as  the  aggregate,  but  gravel,  screened,  washed,  and 
dried,  would  do  equally  well  for  bottoming.  It  is  essential 

*  Tromdhgs  of  tk$  Ikitituiion  of  Cml  Sn^inemrSf  1$94*5,  vol.  03cxii,| 
part  ir.,  p.  206. 
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that  all  material  abould  bo  perfectly  dry,  and  should  be 

warm  when  mixed  with  the  tar.  The  process  of  drying 
and  warming  in  country  districts,  where  no  drying  floors 
are  available,  must  be  carried  out  in  fair  weather ;  the 
material  being  heated  in  oon^enient  places  out  of  doors, 
by  fires  lighted  under  heaps  of  about  10  tons  of  material 
at  ono  timo.  Tlio  nif^tliod  of  dryinii:  adopted  by  the  author 
is  to  lay  four  sections  of  ordinary  4 -inch  glazed  pipes  in 
the  form  of  a  cross  leading  to  a  central  upright  section  of 
pipes  which  forms  a  chimney.  Faggots  and  breeze  are 
laid  around  the  pipes,  and  when  well  alight  the  material 
is  gradually  added  in  a  cone-shaped  heap,  and  is  allo\\  cd 
to  dry  slowly.  When  the  material  is  dry,  and  warm 
enough  to  allow  the  hand  to  be  held  on  the  surface  with- 
out discomfort,  it  should  at  once  be  mixed,  and  again 
heaped  up  j  it  should  be  allowed  to  stand  for  at  least  a 
week,  though  it  will  be  better  if  it  is  left  for  three  weeks 
or  a  month  before  being  used. 

"  The  tar  boiler  is  capable  of  containing  100  gallons, 
constructed  with  an  enclosed  furnace  underneath  it,  and 
for  convciiionco  of  moving  is  placed  on  three  wheels,  each 
wheel  being  18  inches  in  diameter.  The  mixture  to  be 
boiled  consists  of ;  tar  40  gallons,  pitch  28  lbs.,  Portland 
cement  20  lbs.,  resin  6  lbs.  The  boiler  must  be  well 
cleaned  occasionally,  and  always  be  completely  emptied 
after  each  operation.  The  tar  is  the  first  ingredient  placed 
in  the  boiler,  and  is  allowed  to  simmer  gently  for  an  hour 
before  the  other  substances  are  gradually  added.  The 
whole  is  then  thoroughly  stirred  in  the  boiler,  and  after- 
wards allowed  to  boil  gently,  until  it  attains  an  equal  con- 
sistency throngliout.  Groat  care  must  bo  exercised  to 
prevent  the  boiling  tar  mixture  from  igniting,  but  after  a 
little  experience,  any  intelligent  workman  will  become  a 
good  judge  of  the  heat  required.  Before  applying  the 
mixture  Iq  the  i^toue  it  i9  ^owed  to  cool  down  slightly, 
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until,  when  mixed  with  the  warm  stone,  it  does  not  give 
off  vapour,  but  mixes  easily.  When  the  mixture  is  iu  this 
condition,  a  bay,  similar  to  that  made  for  mixing  mortar, 
is  formed  of  the  heated  slag  or  stone,  aad  the  tar*mixtur6 
is  poured  into  the  centre  of  it,  the  stone  being  carefully 
turned  over  until  the  whole  forms  a  sticky  mdas.  It  is 
again  turned  three  times  whilst  in  this  warm  conditioni 
being  finally  heaped  up.  It  will  then,  if  properly  mixed, 
be  found  to  be  in  a  state  known  to  the  workmen  as  'alive,' 
haying  that  appearance  if  moved  with  a  shovel.  After  the 
matorial  has  been  thus  mixed,  the  bottom  of  the  footpath 
is  properly  shaped,  and  curbstones  are  laid  as  required. 
If  the  ground  is  wet,  cross  drains  are  formed  to  dry  the 
bottom  before  the  tarred  material  is  laid  on.  The  author 
has  found  a  good  bottom  secured  Ly  using  a  bed  of  ashes, 
pit  refuse,  or  clinkers,  up  to  within  4  inches  of  the  curb 
level,  this  bed  being  well  and  evenly  rolled.  The  coarse 
tarred  material  is  next  applied,  and  is  rolled  to  form  a 
bottom  layer  2  inches  thick.  A  water  ballast  roller  with 
round  edges  is  the  best  implement  for  this  purpose.  If 
the  tarred  material  should  stick  to  the  face  of  the  roller,  a 
water-can  may  be  attached  to  it,  and  a  slight  trickle  of 
water  be  allowed  to  play  continually  on  the  face ;  or  the 
latter  may  be  dressed  three  times  a  day  with  common  oil, 
which  will  generally  prevent  any  sticking.  When  the 
bottom  layer  has  been  well  rolled,  further  layers  of  hner 
material  are  applied,  ^  inch  thick  at  a  time,  imtil  1^^  inch 
in  thickness  is  obtained  after  rolling.  Fine  topping  is  then 
applied  in  layers  and  rolled  until  it  is  1  inch  in  thickness, 
any  outside  portion  that  the  roller  cannot  reach  being 
rammed.  The  face  of  the  path  is  now  quite  smooth.  It 
is  almost  impossible  to  roll  a  tar  path  too  much  or  too 
carefully.  It  is  rolled  so  as  to  allow  of  a  fall  to  tiie  edge 
of  the  path  or  watei course  of  1  in  48.  The  path  is  left 
'  proud '  about  i  inch  over  the  curb.  Alter  the  final  rolling, 
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the  i'ace  is  carefully  washed  over  with  the  boiling  tap 
mixturey  and  whilst  moist  it  is  dusted  or  Llinded  with  very 
fine  dzy  grittjr  granite  or  dag  dust  The  path  is  now 
finished,  and  will  be  found  to  hare  a  perfect  face,  neither 
slippery  in  winter,  nor  spongy  in  summer,  but  firm  aud 
comfortable  for  pedestrians.  The  repairs  necessary  are 
slight.  Whexe  the  traffic  is  heavy  the  face  should  be 
washed  oyer  ereiy  second  year  with  a  dressing  of  the  tar- 
mixture,  and  blinded  with  cement  and  dust.  Should  any 
signs  of  wear  appear,  they  BhouLl  bo  cut  out  in  the  top 
layer  and  patches  should  be  inserted,  the  whole  being 
washed  with  boiling  tar  and  blinded.  SometimeB  it  may 
be  necessary  to  renew  the  top  dressing,  but  the  traffic 
must  be  exceptionally  heavy  for  this  to  be  retj^^ired  more 
frequently  than  once  in  six  years." 

Mr.  0.  H.  Cooper  considers  the  best  method*  of  manu- 
facturing tar-paving  to  be  to  heat  flie  stone  on  a  hearth, 
on  which  it  can  be  raised  to  such  a  temperature  as  to 
absorb  as  much  tar  as  possible  without  ignition.  With 
this  method  there  is  no  liability  of  coke,  ashes,  or  other 
foreign  substances  becoming  mixed  with  the  stone.  Hot 
tar  is  added  to  the  heated  stone,  which  is  then  turned  oyer 
with  hot  shovels  until  all  parts  are  well  coated.  Many 
manufacturers  add  a  small  quantity  of  pitch  (about  1  per 
cent.)  to  the  cauldron  in  which  the  tar  is  boiled.  Tar- 
paving  thus  OAde  should  be  atood  for  at  least  three  months 
before  being  used.  It  is  frequently  freshened  with  a  little 
refined  tar  bofore  leaving  the  works.  The  size  of  the 
stones  used  should  be  fairly  uniform,  thoso  for  the  bottom, 
termed  bottoming,  should  not  exceed  1  inch  in  diameter, 
and  all  the  stone  used  should  be  retained  on  a  f-indi  mesh 
sieve.  In  the  case  of  the  material  for  the  top  layer  (the 
topping),  the  material  should  pass  through  a  sieve  of 

*  ]hromiimg§  of  tk$  ImHMim  of  C^pif  ^iiuen,  1894*d,  vol.  ozzii, 
part  It.,  p,  21S. 
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^-inch  mesh,  and  be  retained  on  a  sieve  of  -J-inch  mesh. 
Dexbjshiro  fipar  and  K-entiah  rag  produces  the  best  tar- 
paTing  the  author  has  uBed,  but  he  is  of  opinion  that  it 
would  be  advantageous  to  use  a  harder  substance  for  the 

topping. 

In  laying  tar-paved  footways  Mr,  Cooi)er  fomis  the 
foundation  to  the  shape  of  the  finished  path.  This,  after 
being  well  rolled,  receives  sufficient  bottoming  to  form  a 
layer  2  inches  thick  after  being  rolled.  A  light  roUer  is 
used,  weighing,  say  b  cwt.,  on  a  width  of  2  feet  6  inches. 
It  may  afterwards  be  finished  with  a  slightly  heavier 
voUer.  The  bottoming  may  with  advantage  be  subjected 
to  traffic  for  a  week  or  so  before  receiving  the  finished 
coat  of  topping,  which  should  be  carefully  spread  in  a 
layer  of  sufficient  thickness  to  solidify  to  1  inch  after  being 
rolled.  The  topping  is  first  rolled  with  a  light  roller,  and 
is  finished  wiUi  a  double  water-ballasted  roller  2  feet 
3  inches  wide  over  all,  weighing  12  cwt.  A  little  white 
spar  is  generally  thrown  on  the  top  a]id  rolled  in  for  the 
sake  of  appearance,  the  surface  being  afterwards  sanded 
to  prevent  the  tar  from  adhering  to  the  feet  of  pedestrians. 
Only  seasoned  topping  should  be  used  for  coating  old 
paths.  Tarring  and  sanding,  or,  as  it  is  termed,  dressing^ 
the  surface  of  tar- paths  should  be  carried  out  in  dry 
weather,  during  the  first  summer  after  the  tar-paving  is 
laid,  and  afterwards  triennially.  The  seasoned  or  refined 
tar  used  for  this  purpose  should  be  heated  in  a  cauldron 
with  a  little  pitch.  After  the  surface  of  the  path  has  been 
swept  clean,  hot  tar  is  well  rubbed  in,  and  a  layer  about 
iV-inoh  thick  of  dry,  sharp  sand  is  spread  on  the  tar  so  as 
to  keep  it  from  adhering  to  the  feet  of  the  pedestrians. 
As  this  sand  is  forced  into  the  tar  by  the  traffic,  it  forms  a 
thin  coating,  which  prolongs  the  life  of  the  path  consider- 
ably. Gas-tar  employed  for  the  manufacture  of  tai^pave- 
ment  ^houid  not  be  used  untii  it  has  been  stored  for  about 
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six  montlis,  so  tiiat  the  volatile  oils,  and  whatever  water 
may  have  been  secreted  in  the  tar,  has  had  time  to  escape. 
The  tar  should  be  drawn  from  the  bottom  of  a  eovered 
tank  at  least  10  feet  deep^  and  if  it  cannot  be  obtained 
under  such  conditions,  refined  tar  (not  pitch  or  heavy  oil) 
should  be  used.  To  detect  the  admi&turo  of  such  soft 
materials  as  ooke  breeze  in  tarred  topping,  boil  a  sample 
repeatedly  in  strong  soda  or  potash  water  to  remove  the 
tar.  This  test  also  determines  whether  the  stone  has  been 
raised  to  a  sufficient  heat,  as  in  this  case  it  is  extremely 
difficult  to  remove  the  tar. 

Curbs. — On  the  outer  edge  of  all  footpaths  are  placed 
curbs,  which  form  a  suitable  abutment  for  the  support  of 
the  material  of  which  the  footpath  is  coinposod,  and  act  to 
retain  the  foundation  and  the  surface  of  the  latter,  as  also 
to  raise  it  and  prevent  the  traffic  from  passing  over  it| 
and  to  form  the  side  of  the  gutter  or  channel^  and  admit 
of  the  roadway  being  suitably  finished  off.  Curbs  aro 
composed  of  stono,  brick,  cement  concretCi  metal,  and 
composite  or  artificial  stone  and  metal. 

Ourbs  are  set  with  the  aid  of  a  skillet-line  and  boring- 
rods,  and  great  care  is  requisite  to  prevent  any  sinking  or 
tilting  over,  and  to  insure  a  satisfactory  lino  and  level. 
To  effect  this  end  it  is  indispensable  that  the  curbs  be 
properly  bedded,  and  it  is  also  essential  that  the  mason  be 
possessed  of  a  good  eye,  and  be  experienced  in  this  dass 

of  work. 

Stone  Curbs, — Those  consist  of  granites,  syenite,  and 
sandstone.  The  first  two  are  undoubtedly  the  best  mate- 
rials, and  are  invariably  employed  for  streets  having  a 
largo  amount  of  trafllo.  The  stone  best  suited  for  the 
purpose  is  Aberdeen  granite,  but  Irish,  Coi  nisli,  Guernsey, 
and  Norway  granites  are  also  used,  the  latter  being  that 
now  ohiefiy  employed  in  London,  owing  to  its  being  lower 
in  price.  Of  inferior  stones  Endon  and  Yorkshire  stone. 
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Koniton,  Pennant  limestones,  Furbeck,  &c.^  are  also 
employed. 

The  dimeosionB  of  stone  curbs  most  generally  used  are 
12  inobes  hy  8  inches  when  laid  flat,  and  6  inches  by  12 

iaches  when  laid  on  edge.    The  longtlis  sliould  nover  be 


Fig.  74.-Gnuute  Curb,  laid  flftt. 


less  than  3  feet,  and  it  is  not  advisable  to  employ  curbs 
under  9  inches  deep  or  less  than  4  inclies  in  width.  The 
curb  is  usually  hammer-dressed  for  5  inches  or  so  on  the 


Fig.  75,— Gnmite  Curb,  laid  on  edge. 


face  over  the  whole  surface  of  the  top,  and  for  some 
3  inches  at  the  rear,  and  is  also  drafted  for  about  1  inch 
along  both  the  upper  edges,  so  as  to  impart  a  dean  ap- 
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pearance  to  tlie  arris  of  the  curb  both  inside  and  outaidoy 
and  both  afford  a  smooth  surface  against  the  channel 

gutter,  as  well  as  allowing  the  pavement  to  form  a  good 
abutment  against  it  at  the  rear.  When  a  curb  is  8  inches 
in  width,  it  shouhl  be  beyelled  oE  on  the  top  surface  to  the 
same  slope  as  the  footpath,  i'ig.  74  shows  a  12-inch  by 
8-inch  granite  curb  laid  flat,  and  Fig.  75  shows  a  6-inch 
by  12-inch  granite  curb  laid  on  edge.  "Where  very  heavy 
traihc  has  to  be  provided  against,  and  the  practice  of 
carmen  of  allowing  their  wheds  to  grind  against  the  curb, 
so  as  to  form  a  drag  or  brake,  is  preyalent,  it  is  usual  to 
bevel  or  splay  the  curb  as  shown  in  Fig.  76. 


Fig.  78.^Ora]iil0  Ciorb^  laid  on  edge  and  splajcd  or  bevelled. 


It  may  here  be  mentioned  t&at  the  model  by-laws  of  the 

Local  Government  Board  lay  down  the  rule  that  the  height 
of  the  curb  above  the  channel  is  not  to  be  less  than  3  inches 
at  the  highest  part  of  such  channel,  and  not  to  be  more 
than  7  inches  at  the  lowest  part  of  such  channel.  This 
minimum  height  being  that  considered  to  be  requisite  in 
order  to  prevent  the  wheels  of  vehicles  from  too  readily 
mounting  the  footpath,  and  to  raise  the  footpath  sufii- 
dently  high  to  prevent  flooding,  whibt  being  at  the  same 
time  as  high  as  it  is  found  convenient  for  pedestrians  to 
step  up  to. 
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Brich  C%frJ**— Brick  curbing  is  made  in  a  glreai  variety 
of  different  patterns,  some  of  which  arc  shown  in  Figs.  77 
and  78  by  way  of  example.  These  curbs  are  made  of  fire- 
da}')  and  are  much  used  in  Ameiioai  where  they  are 


Fig.  77.— Various  Patterns  ol  lire -clay  Brick  Curbs. 


reported  to  give  great  satisfaction.  Up  to  the  present 
time,  however,  brick  curbing  has  been  but  little  used  in 
this  oountiy.  The  type  of  brick  curb  shown  at  A,  Fig.  77, 
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is  of  the  plain  rectangular  pattern,  the  outer  arris  being 
rounded,  or  what  is  termed  bull*no8ed,  to  obTiate,  as  far  as 
possible,  chipping.  Those  shown  at  B,  C,  and  B,  of  the 
same  Fig.,  are  formed  wider  at  the  base,  tkcroby  im- 
parting a  greater  degree  of  stability.  The  outer  edges 
of  those  shown  at  0  and  D  are  made  to  overhang,  and 
thus  form  a  weaving  surface,  but  this  would  seem  to  be 
very  liable  to  be  broken  off,  and  is  therefore  objection- 
able. B  is  a  bull-nosed  or  rounded- edged  curb,  and  is 
also  formed  of  a  hollow  section,  as  shown,  by  which 
means  it  is  considerably  lightened,  whilst  at  the  same 
time  its  strength  is  not  materially  reduced*  0  is  splayed 
or  bevelled  on  its  overhanging  edge. 

Blue  Staffordshire  3nck  Curl*  have  come  considerably  to 
the  front  during  the  last  few  years,  some  towns  using  no 
other  desoiriptton.  Hamblet's  blue  brick  curbs  can  be  pro- 
oured  in  various  sizes  and  shapes,  from  16  ins.  by  9  ins.  by 
3  ins.,  up  to  24  ins.  by  12  ins.  by  6  ins.,  and  various  designs 
thereof  are  shown  in  i^'ig.  78.  A  is  a  solid  curbing  with 
deep  bevelled  or  splayed  edge,  18  inches  work-way,  6  inches 
in  width,  and  12  inches  in  depth*  B  is  a  solid  curb  with 
a  wide  base  and  rounded  edge,  16  inches  work- way,  6  inches 
in  width,  and  9  inches  in  depth.  C  is  a  solid  curb  of  a  regis- 
tered pattern,  16  inches  work- way,  3}  inches  in  width,  and 
12  inches  in  depth.  D  is  a  solid  curb  with  ordinaiy  bevelled 
or  splayed  edge,  16  inches  work-way,  3|  inches  in  widtii, 
and  9  inches  in  depth.  E  shows  three  lengths  of  0  Q- 
curbing,  6  inches  work-way,  10  inches  in  width,  and  9^- 
in  height.  F  is  a  bull-nose  or  rounded  edge  curb  which 
is  made  of  the  same  size  as  the  splayed  or  bevelled  edge 
curb  D*  The  approximate  weights  of  these  curbs  per 
dozen  are :  A  10  cwts.,  B  6  cwts.,  C  4  cwts.  3  ^rs.,  D  4  cwts., 
£  3  cwts.,  and  F  4  cwts. 

If  obtained  from  a  ^rst-class  maker  there  is  no  doubt  of 
such  goods  giving  entire  satisiactlon»  as  makers  of  recent 

BB 
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years  liaye  considerably  improved  their  machinery  for 
manufactuiing  these  blockSi  and  they  can  be  obtained  quite 
true  and  sound,  thoroughly  well  buxned,  and  of  a  uniform 
blue  colour. 

Cement  Concrete  Curbs, — This  class  of  curb  is  extensively 
used  for  streets  wliore  only  light  trafhc  has  to  be  provided 
for.  Oonorete  ourba  are  either  formed  in  separate  lengths^ 
or  they  are  laid  tn  iUu.  In  the  first  case  they  are  made 
in  suitable  boxes  or  moulds,  and  are  composed  of  strong 
concrete  made  of  the  best  Portland  cement  and  -well- washed 
shingle  or  broken  stone.  When  laid  tn  situ  it  is  difficult 
to  insure  a  satisfactory  appeaianoei  and  the  curbing  when 
laid  in  long  lengths  is  liable  to  crack.  Concrete  curbs  of 
granolithic  are  made  by  Stuart's  Granolithic  Stone  Com- 
pany ^  Ltd.,  and  in  some  instances  this  company  form  the 
granolithic  curb  in  titu  simultaneously  with  the  laying  of 
the  paying  of  the  foot-path. 

Iron  Curbs, — Curbs  of  both  wrought  and  cast-iron  have 


Fig.  79.— Wrought-iron  Curb. 


been  used  for  many  years,  both  abroad  and  in  this  country. 

Here  iron  curbs  are  extensively  employed  iu  some  of  the 
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proyincial  towns,  where  they  appear  to  gire  good  results 
as  regards  wear.   An  objection  to  iron  curbs,  boweyer, 

would  appear  to  be  their  liability  to  become  extremely 
slippery  from  wear,  and  tlius  offer  a  considerable  source 
of  danger  to  those  using  the  footpaths. 
Iron  curbs  are  made  in  a  number  of  different  sections 


Fig.  80.— Oatt-iron  Onrb, 


some  of  which  are  shown  in  Figs.  79  and  80,  the  first 
being  a  wrought-iron  one,  and  the  second  a  cast-iron  one. 

Composite  CwrJ*.— These  consists  of  artificial  stone  with 
a  metal  side  or  corner  so  as  to  form  the  upper  arris,  to- 
wards the  road  or  carriage-way.  Curbs  of  this  description 
have  been  laid  experimentally  in  London  and  elsewhere, 
and  seem  to  be  satisfactory  as  far  as  wear  is  concerned. 

(Jhannelling. — This  may  consist  of  tlie  same  material  as 
that  used  for  paving  the  street,  for  instance,  when  tho 
latter  is  payed  with  wood  paving  blocks,  stone  setts,  bri(^, 
or  asphalte,  in  the  first  three  instances  the  blocks  and  setts 
being  laid  longitudinally  instead  of  transversely  like  the 
rest  of  the  pavement.  Channelling  is  of  course  laid  so 
as  to  have  a  suitable  fall  to  the  gullies,  and  in  no  case 
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sKoiild  it  be  flatter  than  1  in  350.  It  is  so  laid  as  to  take 
the  slope  or  cross  section  of  the  road  along  the  side  of 
which  it  is  located,  and  about  4  inches  of  curb  should  show 
aboTe  it.  In  width  chaanelling  should  be  at  least  12 
inches,  and  it  is  not  desirable  that  it  should  exceed  18 
inches.  Channelling  may  be  formed  of  flat  granite  slabs 
15  inches  wide  by  4  inches  in  thioknesSi  or  thereabouts, 
laid  upon  a  foundation  of  concrete,  or  of  six  courses  of 
granite  pitchers  likewise  laid  upon  a  concrete  bed  or 
foundation. 

Bhie  Staliordsliiro  brick  channelling  is  ako  very  exten- 
sively used,  and  inEig  8 1  is  shown  aform  of  blue  brick  chan* 


Sig.  SI.— Staflordaiiice  Blue  Bride  Gbaimelliiig. 


nelling  made  by  Messrs.  Hamblet's  Blue  Brick  Company, 
Ltd.,  which  is  a  pattern  held  in  great  favour,  and  is  indeed 

tlio  pattern  of  this  description  of  channel  which  is  almost 
universally  used.  The  dimensions  of  the  channel  shown 
in  Fig.  81,  are  16  indies  in  length  by  1 1  inches  in  width 
and  4  inches  in  greatest  depth,  and  it  is  slightly  dished 
from  side  to  side  to  the  extent  of  I  inch,  its  appro^cimate 
weight  per  dozen  leni^ths  is  5  cwts.  2  qrs. 

Crossings, — Carriage  crossings  are  usually  laid  with  a 
certain  drop,  and  consequently  form  veiy  disagreeable 
intcmptions  to  a  footpath,  both  on  this  account  and  by 
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reason  of  the  paving  being  generally  suoli  as  to  render  it 
exceedingly  disagreeable  for  pedestrians  to  ^valk  on.  Mr, 
C.  TT.  Cooper  states,  in  a  paper  read  before  the  Institution 
oi  OiTil  EngmeeMy^  that  his  praotioe  lor  some  yeaxs  has 
been  to  dispense  with  this  di^p,  and  to  lay  the  crossingB 
at  the  same  level  as  the  path,  except  where  it  slopes  to  tho 
channel,  the  curbs  on  both  sides  being  stopped  off  with  a 
quadrant.  Such  crossings  are  laid,  in  the  case  of  concrete 
payementsi  in  granite  concrete  4  inches  thioky  and  the 
surface,  after  being  trowelled  ofP,  is  grooyed  in  a  herring- 
bone pattern,  the  grooves  being  about  3  J  inches  apart,  so 
as  to  atibrd  foothold  for  horses.  In  the  case  of  tar-paved 
footpaths,  the  bottoming  is  laid  3  inches  thick,  and  is 
covered  with  a  layer  of  topping  sufficiently  thick  to  solidify 
to  1  inch  after  being  rolled. 

Road  crossings  are  formed  of  stone  setts,  wood  blocks, 
bricks,  &c.  Paved  crossings  are  frequently  so  carelessly 
laid  in  the  first  instance,  and  so  badly  maintained  after- 
wards, as  to  form  a  serious  impediment  to  traffic,  whilst 
only  affording  a  som  worso  surface  for  the  pedestrian 

than  that  oi^ered  by  the  carriage-way  itself.  The  paving 
of  crossings  in  macadam  or  gravdl  roads  should  be  as  care- 
fully carried  out  as  the  paving  of  an  entire  road,  and  it  is 
equally  desirable  that  a  proper  solid  foundation  be  provided. 
McDougall's  combination  sett  paving  bricks  (which  have 
been  already  described  on  pages  324-5}  are  said,  owing 
to  their  durability  and  non-sHppexy  nature,  to  have  been 
found  very  excellent  for  road  crossings,  for  which  purpose 
they  have  been  ubed  in  Cheltenham  and  elsewhere. 

*  Froeeedif^  of  the  ^iituiiou  nf  (XvU  SngUmrtf  \S9M,  loL  oxzIL, 
part  iv.,  p.  2U« 
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Tub  dust  aad  mud  of  the  streets  of  great  towns  ooa- 
sist  generally  of  four  things : — oonumnuted  stone,  horse- 
dung*,  slioe-iron,  and  shoe-leather.  House-refuse  is  not 
an  unknown  element ;  it  counts  for  something  in  the  mass 
of  articles  that  is  collected  in  and  xemoyed  from  the  streets 
and  roads.  Dr.  Le&eby,  in  1867,  analysed  dry  mud  from 
tlie  streets  of  the  City  of  London, — dried  by  exposure 
for  many  hours  to  a  temperature  of  from  266**  to  300° 
Fahr.  At  the  same  time,  he  analysed^  for  comparison, 
well-dried  fresh  horse-dung,  and  common  farm-yard  dung. 
The  results  of  the  analyses,  for  the  mud  of  stone-pave- 
ments^ are  given  in  table  No.  41. 


Tablb  No.  41. — Coicposinosr  or  Mud  moic  Stons 

HossB-DUKO  asdFaioctabd  Dumo. 

Diit'd  ut  aOf  I'ahr. 


I 

C0.\SriTU«NTj.  , 

• 

*  1 

i 
« 

Fresh 
horse- 
dung. 

Farm- 
jaxd 
dimg. 

Mud  £rom  stoue-paTed  streeta. 

Maxiranm 
organic  (dty 
weather). 

Hinimum 
organic  (wet 
weotlier). 

Average. 

1 

Orprnnic        •  1 
HUiLcral  • 

Per  cent. 
82-7 
17-3 

Per  cent. 
69-9 
301 

Per  cent. 
68-2 
41*8 

Per  cent. 
20-5 

79-0 

Per  cent. 
47-2 

52-8 

100-0 

100*0 

100-0 

100*0 

1000 
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The  higher  j^^'^P^^^^^^^  mineral  matter  in  wet 
weather  piOTes  that  ia  such  weather  the  abrasion  of 
stone  and  iron  is  greatest.    Dr.  Letheby  estimated  that 

tlio  average  proportions  of  stone,  iron,  and  dung  in  tho 
Cauda  were  :— 

Horse -dung    .       ,      ,       ,       •     o7  per  cent. 

Al>iadcd  stono         .       ,       ,       .  «iO 
Abraded  iron  .      .    *  , 

100  ^ 

The  mud  was  so  £nely  comminuted  that  it  floated 
freely  away  in  a  stream  of  water. 

In  the  mud  of  wood  pavements,  the  proportion  of 
organic  matter  in  the  dried  mud  was  larger  than  in  tho 
mud  of  stone  pavements.  It  amounted  to  about  60  per 
cent. 

The  amount  of  moisture  in  the  street  mud  varied  ac- 
cording to  the  state  of  the  weather  i— 

Stone  Paveuext.  Moisture. 

In  tlic  driest  weather  .  ,  rarely  less  than  35  per  cent. 

In  ordinary  weather  ,  .  „  48^  „ 

In  wet  weather       •  .  ,  „     70  to  90  „ 

By  far  the  greatest  proportion  of  the  detritus  of  mac- 
adamised roads  consists  of  the  worn  material  of  the 
road  I  and  the  important  principle  was  early  revealed 
by  experience,  tiiat  the  oftener  that  streets  are  cleansed, 
the  less  is  the  mud  which  is  created  and  removed,  wliilst 
the  attendant  expenses  are  by  no  means  increased,  and 
the  roads  are  kept  in  a  better  state  of  preservation.'* 
This  principle  is,  besides,  logically  deducible  &om  the 
fact  that  the  worn  particles,  if  left  on  the  surface,  act 
as  a  grinding  powder  under  tho  wheels  and  tlie  horses' 
feet,  to  reduce  to  similar  powder  the  surface  of  the  road ; 
and  that  the  mud  which  is  formed  with  the  detritus, 
when  rain  falls  upon  and  is  mixed  with  it,  operates 
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like  a  sponge  in  retaiuicg  tlie  moistuio  upon  tke  8ur- 
face.  The  upper  crust  as  well  as  the  substratum^  under 
these  circumstances,  become  saturated  with  moisture, 
softened,  and  '  *  rotten  — ^just  as  a  gravel  footj^ath,  hard 
and  solid  in  ordinary  weather,  becomes  sodden  and  pulpy 
when  it  is  lapped  for  a  tune  by  a  covering  of  half- 
melted  snow.  The  macadamised  carriage-way,  thus  re- 
duced, is  exposed  to  rapid  deterioration  by  tlie  traffic, 
wluQh  increases  in  a  highly  accelerated  ratio  with  the 
period  during  which  the  road  is  left  undeansed.  The 
statistics  of  cleansing  imanimously  support  these  conclu- 
sions. Shortly  after  Sir  Joseph  Wbitworth  introduced 
his  street-scraping  machine  in  Manchester,  it  was  ascer- 
tained from  calculations  made  by  the  municipal  authorities 
on  the  relative  advantages  of  machinery  and  manual 
labour,  that,  by  cleansing  the  macadamised  streets  with 
the  Whitworth  machine,  three  times  a  week,  the  quantity 
of  mud  produced  on  the  surface  was  only  one-fifth  of 
what  was  produced  when  they  were  swept  Ly  hand 
twice  in  three  weeks,  and  only  one-thirteenth  of  what 
was  produced  when  they  were  swept  once  a  week.  The 
following  are  the  statistics  referred  to 

Maxcuesteu  : — Area  of  district,  0,^00,000  square  yards. 

Average  arta 
swept  to 
Loads        produce  a 
xemoved*  load. 

Square  yardi. 

Swept  hy  madime  three  times  a  week  •  l|28d  4,388 
Swept  by  manual  labonr  twice  in  three 

weeks*  Township,  184X-42  .   6»400  859 

Swept  by  manual  labour  once  a  week. 

TowDship,  1838-39    •      •      .      .  17,000  343 

There  is  a  want  of  harmony  in  this  statement,  from 

which  it  ap]^)e;irs  that  by  haud-scraping  once  a  week 
more  mud  was  collected  than  by  scraping  once  in  10  days. 
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There  was  probably  a  difference  of  circumstances,  as 
there  was  an  interval  of  three  years  between  the  two 
series  of  observations.   Be  that  as  it  may,  it  is  obvious 

tliat  tlie  more  frequent  cleansing  performed  by  the  ma- 
chine, was  instrumental,  not  only  in  keeping  the  streets 
in  better  condition,  but  in  reducing  the  tear  and  wear 
of  the  streets,  as  represented  by  tlie  decreased  quantity 
of  detritus  which  was  generated  and  removed.* 

When  a  road  is  very  soft,  it  should  not  be  touched; 
or,  at  tilie  most,  only  the  loose  liquid  mud  should  be 
removed,  by  light  sweeping,  with,  at  the  same  time,  a 
copious  use  of  water.  When  a  road  is  in  a  soft  con- 
dition, and  is  covered  with  a  thick  tenacious  mud  which 
adheres  to  the  stones,  it  is  a  common  opinion  that  the 
use  of  water  injures  the  road  by  softening  ihe  surface, 
and  causing  a  remo\  al  of  the  material.  But  the  truth 
is  exactly  the  reverse.  A  road  in  this  condition  can- 
not be  effectually  deansed  without  water : — ^by  the  free 
use  of  water,  the  mud  is  softened,  is  liquefied,  and  is 
easily  removed  without  impairing  the  integrity  of  thf 
surface,  or  removing  the  useful  grit. 

The  difficulty  and  cost  of  cleansing  streets  effectually 
by  hand-labour,  are  materially  diminished  by  tlie  sub- 
stitution of  the  sweeping  machine.  The  WhitwortJi 
machine  has  been  much  employed  for  cleansing  streets. 
The  apparatus  consists  of  a  series  of  broad  brooms, 
usually  ahout  30  inches  wide,  attached  to  a  pair  of 
endless  cliains  which  tui*n  upon  an  upper  and  a  lower 
set  of  pulleys  suspended  in  a  light  wrought>iron  frame, 
behind  a  cart,  the  body  of  which  is  near  the  ground. 
As  the  cart-^vheels  revolve,  they  communicate,  by  gear- 
ing, a  rotary  motion  to  the  pulleys  carrying  the  endless 

♦  See  a  x^apcr  *'  On  tho  Present  State  of  the  Streets  of  the  lilctro- 
polis,"  Proceedings  of  t\€  JmtUution  of  Civil  Engimert^  1843;  voL  ii. 
page  202. 
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chainB  and  the  brooms  attached  to  them ;  the  brooms 
being  sufficiently  lowered  bo  as  to  bear  upon  the 
surface  of  the  street,  they  successively  sweep  the  sur- 
face, and  cany  up  the  soil  on  an  inclined  camer-plate, 
OTor  the  top  of  which  it  is  dropped  into  the  recoptade. 
The  oblong  arrangement  of  brooms,  effected  by  the  em- 
ployment of  the  endless  chains,  contrasts  favourably  with 
a  simply  dicular  or  revolving  broom;  for  the  ends  of 
the  brooms  move  most  rapidly  in  the  act  of  revolving 
on  the  lower  pulley,  whilst  they  are  in  contact  with 
the  ground,  and  they  move  towards  the  upper  end  at 
a  less  speed,  whilst  conveying  the  soil  up  the  incline. 
In  turning  over  the  upper  pulley,  ihe  velocity  of  the 
ends  of  the  brooms  is  again  raised  to  the  maximum, 
and  the  mud  is  at  this  place  stripped  ^m  them  by 
a  bar  called  a  doctor."  If,  for  instance,  the  borse 
trayels  at  the  rate  of  3  miles  per  bour,  the  speed  of 
the  brooms,  whilst  sweeping  the  ground,  is  9  miles  per 
hour ;  whilst  passing  under  the  doctor,  6  miles  per  hoiir ; 
whilst  they  conv^  the  mud  up  the  incline  at  3  miles  per 
hour.  The  brooms  are  raised  and  lowered  by  hand, 
by  means  of  a  coiled  spring  and  chain.  The  spring 
relieves  Hhe  pressure  of  the  brooms  upon  the  ground, 
according  to  the  inequalities.   A  strong  horse  is  required 

to  work  and  to  dra\v  tlie  machine. 

The  area  of  surface  swept  daily  in  Manchester,  in  1847, 
by  one  of  Whitworth's  machines,  with  one  man  and 
one  borse,  varied  from  14,000  to  20,000  square  yards. 
The  quantity  removed  amounted  to  from  ono  to  three  loads 
per  acre,  according  as  the  surface  was  dry  or  wot.*  The 
cost  of  working  each  machine  was  from  10«.  to  158,  per  day, 
exdusivo  of  all  the  expenses  attending  the  disposal  of 
the  sweepings,  &c.  Sweeping  continuously,  each  machine 

*    Mechanical  Street  CleaiiBing,"  iV0MM7i»y«  p/  ihs  InUUutiM  ^ 
Civil  Enginmh  1^47 ;  vol.  yL  p.  431, 
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would  cleanse,  in  a  day,  a  strip  of  roadway  30  inches  wide, 
and  20  miles  long,  making  an  area  of  29,334  square  yards. 

As  a  factj  more  than  30,000  square  yards  have  been  swept 
in  a  day.  But,  a  third,  at  least,  of  the  whole  time  that 
the  machine  is  at  work^  is  consumed  in  conveying  it  to 
and  from  the  place  of  deposit^  and  unloading.  During  the 
spcond  half  of  tho  year  1843,  each  machine  swept  an 
average  of  18,189  square  yards  per  day,  in  Manchester. 
Against  this  pexfoimanoe  it  appears,  from  of&oial  returns, 
that  in  the  years  1840^42,  each  able-bodied  man  em- 
ployed swept,  on  an  average,  1,190  square  yards  per  day, 
and  each  pauper  swept  about  600  square  yards.  Prom 
these  data,  it  appears  that  the  elective  work  of  one 
machine  equalled  the  work  of  17  able-bodied  sweepers* 
The  comparative  costs  may  be  placed  as  iuiluws:— 

Sweeping  by  hand 

Seventeen  sweepers  at  2s.  per  day .  34fl. 

Cart,  horse,  and  driver  •  .  .  Be.  42s.  per  day. 
Sweeping  by  machine^  say  «      .      .     »        ISs.  „ 

J)ifference^  saving  by  machine  •        •      29s.  « 

showing  that  the  cost  by  machine  was  less  than  one-third 
the  cost  of  manual  labour. 

In  Salford,  the  results  of  comparative  trials  of  sweeping 
by  hand  and  by  machine,  showed  that  the  cost  of  cleansing 
was — 

8qii  are  ya  rds         Per  sq  nait 
IHiv  day.  yard. 

By  hand     .       .    £074  8s.  8d.  sweeping  M/JOi       .  lO-lsd. 
By  one  machino .    £196  9s.  5d.      „       14,106      ,  3*31 

In  Birmingham,  according  to  Mr.  Pigott  Smith,  tlio 
extent  of  burface  of  ui'ban  carriage-way,  swept  by  eight 
machines,  was  254,000  square  yards.  The  whole  of  this 
area  was  macadamised,  and  was  kept  well  cleansed  by  the 
eight  machines.  The  area  of  surface  averaged  about  32, 000 
square  yards  for  one  machine,  which  would  have  been 
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traversed  three  times  a  week,  allowing  a  traverfie  of 
16,000  square  yards  per  day.      I  keep  the  brooms/'  says 

Mr.  Smith,  ''suitable  for  tlie  weatlier:  if  verywet,  I  use 
new  brooms ;  if  dry  and  sticky,  I  use  those  that  have  been 
worn  down ;  if  very  sticky,  I  send  out  water-rcarts  before 
tlie  machines,  and  the  efPeet  is  excellent.  I  endeavour  to 
do  ull  the  sweeping  between  the  hours  of  two  and  eiglit  in 
the  morning."  In  1846,  8,339,760  loads  of  water  wore 
laid  on  the  streets,  at  a  cost  of  £1,788 : — partly  to  prevent 
dust,  partly  to  facilitate  the  cleansing.  "When  the  sweep- 
ing-machines were  charged,  they  were  drawn  to  the  gully- 
grates,  into  which  the  fluid  portion  of  the  material  swept 
up  was  allowed  to  drain  off,  whilst  Hie  grit  remaining  at 
the  bottom  was  used  as  binding. 

Mr.  Pigott  Smith,  referring  to  his  experience  of  the 
roads  in  Birmingham,  communicates  some  important  data 
on  the  reduction  of  waste,  and  the  saving  of  material  for 
the  repair  of  roads  which  are  efficiently  cleansed  *  Long 
experience  has  demonstrated  that  by  the  use  of  the  sweeping 
machines,  with  the  proper  employment  of  water,  a  saving 
of  full  one-third  of  the  material  required  for  the  repair  of 
the  roads  has  been  effected  in  one  particular  district  in 
the  Borough  of  Birmingham.  The  following,"  be  con- 
tinues, ''is  the  result  of  an  experiment  to  ascertain 
whether  usefol  grit  was  or  was  not  removed  by  water 
with  machine-sweeping.  On  the  22nd  of  March,  1849,  the 
Quadrant,  Begent  Street,  London,  was  covered  with  a 
thick  layer  of  adhesive  mud,  which  was  causing  groat 
annoyance,  as  well  as  considerable  injury  to  the  road,  but 
could  not  be  taken  up  by  scraping,  witliout  removing  also 
much  of  the  new  stone  to  which  it  adhered.  It  was  deter- 
mined to  sweep  one  half  of  it  whilst  dry,  and  the  other 
half  after  proper  watering.    This  was  done,  and  the 

•  «<  Macadamised  Boads,"  in  the  JP^witdifigs  0/  tke  Imtituiim  0/ 
(Hvil  Sn^iimrs,  1853-54 ;  voL  xiil.  page  226. 
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sweepings  were  washed,  to  separate  the  refuse  •from  the 
strong  matter  mixed  with  it.  It  was  found  that  one-third 
of  that  which  was  taken  up  dxj,  consisted  of  coarse  grit^ 
which  would  have  been  useful  on  the  road ;  whilst  one- 
twelftk  part  only  of  that  wliich  was  removed  in  the  form 
of  liquid  mud  was  stony  matter,  and  it  was  so  completely 
pulverised,  as  to  be  of  scarcely  any  use.  After  the  two 
portions  of  the  road  had  been  cleansed,  the  differenod 
between  them  was  very  striking ;  that  which  was  bwept 
whilst  dry  was  still  covered  with  adhesive  mud,  which, 
together  with  the  stones  to  which  it  adhered,  was  lifted  by 
the  wheels,  the  whole  road  being  rough  and  uneven, 
whilst  the  portion  which  had  been  swept  ai  t  or  watering 
was  smooth  and  even.  On  the  24th,  both  portions  were 
again  swept,  but  only  one  quarter  as  much  dirt  was  taken 
from  that  which  had  been  water-swept  as  from  that  which, 
being  in  a  sticky  condition,  had  been  swept  without  the 
addition  of  water.  On  the  2Cth,  rain  fell,  and  three  times 
as  much  slop  was  taken  off  the  part  of  the  road  which 
had  not  been  swept  on  the  22nd.  The  preserratiTe  effect 
of  water-sweeping  by  mechanical  means,  was  demonstrated 
by  tho  decidedly  better  condition  of  that  portion  of  the 
road  so  cleansed." 

The  detritus  of  the  material  of  a  granite  pavement  con- 
stitutes but  a  very  small  proportion  of  the  total  quantity 
of  mud-forming  dust.  Colonel  Haywood  exemplified  this 
proportion  in  an  interesting  manner,  taking  the  instance  of 
the  gi-anite  pavement  of  London  Bridge, — 3-inch  Aberdeen 
grauito  sets, — which  was  removed  in  1851,  after  having 
been  down  nine  years.  The  average  loss  of  granite  over  an 
area  of  3,950  square  yards,  he  estimated,  was  equal  to 
2  ijiclics  of  vertical  wear.  Tiie  total  volume  of  granite 
worn  away  was,  tlierefore,  about  219i  cubic  yards,  assum- 
ing that  the  surface  was  a  continuous  mass  of  granite^ 
though  there  was  of  course  a  considerable  superficial  area 
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of  joints.  Assuming  that  the  granite  worn  olT  was 
duced  to  the  state  of  fine  ppwder,  it  was  increaBed  in  bulk 
pxobably  one  half,  and  its  volume  had  been  (219|  x  1^  =) 
329J  cubic  yards.  Adding  5  per  cent,  for  the  loss  upon 
stones  removed  and  replaced  from  time  to  time,  the  total 
quantity  worn  off  and  reduced  to  powder,  and  carried 
away,  mixed  wiiih  the  dust  of  the  street,  and  mud,  would 
onl}'  have  amounted  to  345*7  cubic  yard^  lor  nine  years, 
equivalent  to  a  wear  of  '105  cubic  yard — about  a  tenth 
of  a  cubic  yard — ^per  day.  Whereas,  the  quantity  of  dust 
removed,  daily,  in  dry,  calm  weatiber,  was  &om  3  to  3)- 

cubic  yards, — over  thirty  times  as  muck  as  tlio  granite 
detritus.  So  much  for  horse-droppings  and  shoe-leather, 
which  must  have  constituted  29>d0ths  of  the  total  accu- 
mulation, — independent  of  the  contributions  of  house- 
refuse,  in  the  inhabited  streets. 

Seeing  that,  according  to  the  results  of  these  observa- 
tions, the  granitic  element  of  the  refuse  constituted  little 
more  than  3  per  cent,  of  f^e  whole,  the  evidence  of  the 
exceedingly  greater  wear  of  a  macadam  surface  is  strik- 
ingly exhibited  in  the  contrast  of  the  comparative  costs 
for  cleansing  the  two  kinds  of  surface.  Mr.  Boyle  states 
that,  in  the  spring  of  1870,  there  were  l^d  in  Chester 
Street,  Manchester,  10,000  square  yards  of  granite  pave- 
ment, and  an  area  of  equal  extent  of  macadam.  The 
condition  of  each  surface  was  maintained  uniform  through- 
out the  period  of  trial,  by  sweeping,  for  which  the  respec- 
tive costs  were  9^^.  per  1,000  square  yards,  and  5«.  ^id, 
per  1,000  square  yards, — in  the  ratio  of  1  to  7.  The 
average  costs  throughout  the  year,  ranged  in  the  ratio  of 
i  to  £.  The  great  bulk  of  the  excess  for  macadam,  com- 
pared with  pavement,  must  have  been  due  to  the  vastly 
augmented  wear  of  granite,  even  under  equal  traffics, 
since  the  dust  and  mud  from  other  sources  must  have  beeo 
the  same^as  a  constant  quantity — ^for  both 
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In  Beading,*  which  has  about  23  miles  of  macadam 

roruL-?,  1 7  iiiiles  are  watered  twice  a  day  ;  for  which  pur- 
pose 11  watering-carte  and  barrels^  and  4  hand-watering 
machineSy  have  been  employed.  One  cart  waters  a  length 
of  5,962  lineal  yards,  haying  an  area  of  23,849  square 
yards,  twice  a  day,  at  a  cost  of  8«.  for  horse,  cart,  and 
man,  and  Is,  5d.  for  maintenance  oi*  cart,  and  harness, 
and  shoeing ;  total,  9«.  6d,  per  day.  With  one  hand* 
machine,  23,740  square  yards  are  watered  twice  daily 
at  a  cost  of  2s.  \0d.  each  for  two  men,  and  7d.  for  main- 
tenance i  making  a  total  daily  cost  of  64.  3d. 

AreawitoreA  Cost       Wat^r  delivered 

twice  daily.  per  day.      per  square  yd. 

One  water-cart     •   23,849  square  yards      Os,  6d.      Ool  gallons 

One  hond-machind    23,740       „  Cs.  3d.      1*30  « 

Watering  the  8tre0t$  of  the  City  0/  London  with  Jet  and 
JTmo. — ^In  1867,  and  1872,  experiments  were  made  in 

wasliing  the  carriage-ways  of  Cheapside  and  the  Poultry 
when  laid  with  granite  pavement,  and  afterwards  ^vith 
asphalte  pavement.  The  asphalts  pavement  of  Old  and 
New  Broad  Streets  was  likewise  washed  experimentally. 
Hydrants  wore  erected  in  Cheapside,  at  distances  of 
33  feet  apart,  and  in  Broad  Streets  at  140  feet  apart. 
Six  men  were  employed  at  each  washing  of  Cheapside 
in  the  first  trial,  and  10  men  in  the  second  trial ;  for 
which  two  jets  of  water  were  used  during  the  time  of 
the  first  trial.  The  work  of  the  10  men  in  the  second 
trial  was  thus  distributed: — four  in  playing  the  jets, 
two  in  moving  the  hose  from  place  to  place,  and  four 
with  brooms  in  sweeping  the  surface  of  the  asphalte, 
and  keeping  the  channels  £ree  from  straw  and  larger 
refuse.  These  men  also  used  ^'  squeegees (india-rubber 
sweeps)  to  dry  tliu  5111  lace  of  the  asphalte.    Of  the  Bix 

*  Mr.  El]ice*Clark*8  I^qwrf,  piigvs  20|  2€ 
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men  empl  n  od  on  ike  granite  pavdmenty  four  x^layed  the 
jets,  and  two  moved  the  liosO;  and  plied  Ike  bruoms. 

Table  No.  42. — Washing  Carriage- wax  Fatjsments  wiih 

j£T  AND  Hose. 

BeiiiUt  of  Ezpeximents  m  the  City  of  London. 


Faaticulars. 


TjCTigth  ....  feet 
Area  of  payement  washed 

*  aquare  yards 
Time  washing      •  « 
Area  washed  per  hour 

square  yards 
Water  coomimed    .  gallons 
Do.      do.      per  square 
yard   .      .      .  gaJlons 
Cost  for  labour 

Cost  for  water,  at  Od.  per  1,000 

gallons  .  .  .  . 
Cost  for  labour  and  water,  one 

day's  washing 
Cost  for  lahour  and  water,  per 

flqnare  yard;  •  pence 
Coet  for  labour  and  wat^,  per 

square  yard,  per  year ;  jjenco 
Add  for  supervision,  preparing 
'  apparatus,  wear  and  tear, 

&c.,  20  per  oeot.  •  * 
Total  cost  • 


The  granite  parement  was  more  thoroughly  cleansed 

by  hose  than  in  the  ordinary  way,  by  scavengers.  The 
cost  of  washing  asphalte  was  only  3  or  4  per  cent,  less 
than  that  for  granite. 

Ifr»  T,  I/mieVn  EaopmrnmU  in  Washing  ike  Streets  of 
London. — In  evidence  before  the  General  Board  of  Health, 
in  1850,  Mr.  Lovick  stated  that  in  surface- cleaning  by 
a  jet  and  hose,  illustrated  in  Figs.  82  and  83,  the  quantity 

0  0 
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4,220 
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6,000 
19,726 

3,500 
9,786 

1-99 

98.  10|d. 

1-90 
9b. 

2  (30 
48.  lOfd. 

9s.  9d. 

98.  lOid. 

48.  9d. 
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of  water  consumed  was  at  the  rate  of  rather  less  than 
1  gallon  per  square  yard  of  surface  of  caniage-wajy 
working  at     extremely  low  pressures."    He  mentions 

experiments  made  by  Mr.  Lee,  at  Sheffield,  with  "very 
high  pressures,"  in  which  Mr.  Lee  effected  the  cleans- 
ing with  a  consumption  of  less  than  a  third  of  a  gallon 
per  square  yard.  Mr,  Lovick  estimated  that  the  foot- 
paths could  be  cleansed  with  a  consumption  of  half  a 


Pig.  82.— daaiuiiig  tin  BvliuM  of  Streets. 


gallon  of  water  per  square  yard.  He  adds  that  the 
daily  deansing  could  be  effected  at  a  cost  of  Bd.  per 

house  per  week,  exclusive  of  the  cost  for  water;  for 
which  he  allowed  28  square  yards  of  carriage-way  and 
16  square  yards  of  fpotway,  per  house.  At  this  rate, 
the  first  item  of  cost  per  square  yard  of  surface  would 

amount  to  3J<?.  per  square  yard  per  year.  For  water, 
the  cost  at  Qd.  per  1,000  gallons,  would  be  lid.  per 
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aqtuure  yard  per  jear.  Tlie  total  oost  would  be  54,  per 
square  yard  per  year. 

Mr.  Lovick,  at  the  same  time,  estimated  that  the  cost 
of  cleansing  by  ordinary  scavenging  was  nearly  double 


Jig.  83.— Gteiiutnir  doit  Courtb  and  Alleys. 


the  cost  by  jet  and  Hose,  whilst  the  jet  had  been  shown 
to  be  much  more  efficacious  in  removing  evaporating 
matter  and  filth.* 

♦  Ho  waa  able  ''not  only  to  cleanse  the  pavements  by  this  moaili^ 
Imt  also  to  cleanse  the  walls  from  urine  ftains  and  other  filth," 

Digitized  by  Google 


388 


CLEANSING  OF  PAVEMENTS. 


It  has  been  found,  as  the  result  of  special  observa- 
tional that^ — 

For  4  loads  of  mud  or  slop  remoyod  from  a  macadam 

surface, 

1  load  is  removed  from  a  granite  pavement ;  and 
I  load  is  removed  ^m  a  wood  pavement. 

Cleansing  in  Paris. — In  Paris,  since  1855,  many  attempts 
have  been  made  to  substitute  sweeping  machines  for 
hand  labour.  But  the  inconvenience  attending  their 
use — the  need  for  a  depot  to  hold  them  when  not  in 
use,  the  need  for  hoi*ses  to  work  the  in,  and  the  diffi- 
culties of  continuouslj  employing  them  in  frequented 
thoroughfares, — ^have  hitherto  prevented  their  being  gene- 
rally employed.  One  of  these  machines,  constructed  by 
M.  Tailfer,  which  worked  very  well,  performed  the 
work  of  8  or  10  sweepers.  It  is  fitted  with  a  revolving 
brush,  6  feet  8  inches  long,  placed  obliquely,  and  sweep- 
iiig  a  breadth  of  5  foet  at  one  passag'e. 

In  some  comparative  trials  which  were  made,  one  man^ 
with  a  good  brush,  swept  720  square  yards  of  macadam 
per  hour,  dry,  lightly  watered,  without  heaping  the  mud; 
480  square  yards  covered  witli  liquid  mud ;  360  square 
yards  covered  with  thick  mud.  On  a  paved  street^  he 
swept  from  600  to  820  square  yards  per  hour. 

M.  Tailfer's  machine  performed  the  work  of  7  men  iu 
the  first  case  just  recorded,  10  men  in  tlie  second  case,  and 
12  men  in  the  third  c€u»e ;  but,  in  the  third  case,  the  work 
was  not  perfect.  Taking  all  charges  into  the  account,  it 
appealed  that  the  work  done  by  the  machine  cost  about 
the  same  as  the  work  done  by  hand,  but  it  was  done 
much  more  expeditiously. 

General  Oheervatuma  0h  Street  Cleaneing, — ^The  proper 
cleansing  of  pavements  is  a  work  which,  in  this  country, 
is  unfortunately  too  frequently  performed  by  the  authorities 
in  a  very  slovenly  and  imperfect  manner.   It  may  not  be 
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immteroetmg  to  note  here  that  a  weU-knowu  London  sur- 
veyor, in  a  report  which  he  drew  up  some  years  ba^ik 
upon  Scaven^ang,  Cleaasing,  &c./'  made  the  statement 
that  private  companies  and  individuals  could  got  froin 
10  to  20  per  cent,  more  work  out  of  their  employes  than 
it  was  possible  for  public  bodies  to  obtain  in  the  case  of 
work  for  which  payment  was  made  out  of  the  rates. 

The  complaints  which  are  made  of  the  slipperinees  of 
asphalte  are  in  a  great  measure  due  to  the  filthy  condition 
In  which  the  surface  is  kept;  were  it  thoroughly  cleansed, 
and  properly  washed,  this  drawback  would  ahnost  cease  to 
exist,  and  the  same  remark  also  applies,  though  in  a  lesser 
degree,  to  wood  pavement. 

Street  reluse  may  be  taken  to  include  all  refuse,  both 
wet  and  dry,  which  is  swept  up  from  the  surface  of  the 
streets,  as  well  as  the  deposits  removed  from  the  gully 
catch  pits.  In  practice  slop  is  too  often  allowed  to  lie  in 
the  channels  for  lengthened  periods,  this,  besides  forming 
a  most  objectionable  obstacle  to  pedestrians  crossing  the 
camage*way,  oauses  those  using  the  side-walks  or  foot- 
ways, as  well  as  the  windows  and  walks  of  the  adjacent 

houses,  to  be  splashed  in  a  most  deplorable  maimer,  is 
furtliurmore  liable  to  find  its  way  by  gravitation,  or  to  be 
washed  by  rain  into  the  gullies,  from  where  it  finds  its 
way  into  the  sewers  or  storm-water  culverts,  and  as  this 
slop  is  largely  composed  of  fine  grit  it  is  most  injurious  in 
its  action  upon  sowers,  and  its  removal  is  a  matter  attended 
by  considerable  expense.  In  support  of  this  may  be  quoted 
the  following  £rom  a  report  by  Lt.-Ool.  0.  B.  Ewart, 
on  the  Proper  Frinciple  of  Dramage":  ''The  surface 
waters  take  with  them  into  the  sewers  the  fine  sand  and 
other  material  from  the  street.  This  accumulates  inside 
the  sewers  (especially  when  the  gradients  are  low,  as  is 
generally  the  case  in  the  towns  in  question*}i  and  be* 

♦  OpdFord,  Eton,  Windsor,  and  Abingdon, 
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coming  impregnated  with  the  foscal  matter,  forms  a  clammy 
mass  at  the  bottom  of  the  sewers,  which  in  summer  is  of 
considerable  thioknesSi  and  from  its  weight  is  never  com* 
pletely  washed  away,  even  in  winter." 

If  the  surface  of  an  asphalte  pavement  be  kept  clean  by 
proper  scavenging,  and  washing,  it  would  be  an  ideal 
pavement  as  regurds  its  sanitary  aspect^  and  would,  more- 
over, give  no  canse  for  complaint  on  (ihe  sobre  of  slipperiuess. 
Nor  is  the  proper  cleansing  of  wood  pavoiiients  a  less 
important  matter,  as  it  likewise  becomes  dangerously 
slippery  when  coated  with  a  layer  of  greasy  mud,  and 
moreover,  owing  to  the  multiplici1r|r  of  joints,  requires 
more  careful  cleansing  than  asphalte  to  maintain  it  in  a 
snnitary  condition. 

It  is  usual  to  top-dress  a  newly-laid  wood  pavement,  and 
to  allow  the  traffic  to  work  the  grit,  resulting  from  the 
crushing  of  this  material,  into  the  surface  of  the  pavement. 
The  advantages  derivable  irom  this  practice  are,  iu  tlie 
author's  opinion,  greatly  overestimated,  but  in  any  case  it 
is  absolutely  essential  that  the  material  used  for  this  top- 
dressing  should  be  fine-screened  shaip  gravel  and  not 
Fmall  stones,  such  as  one  sees  too  commonly  employed, 
and  which  only  roll  al)out  the  surface  to  the  general 
inconvenience;  moreover,  the  gravel  should  be  laid  in 
thin  successive  layers,  and  not  in  one  thick  layer,  which 
prevents  its  being  properly  worked  into  the  wood.  The 
material  employed  for  top-dressing  is  often  of  an  improper 
description^  and  is  frequently  used  in  such  quantities  that 
in  wet  weather  the  street  becomes  absolutely  impassable 
for  pedestrians. 

In  wet  and  frosty  weafiier  the  surface  of  both  wood  and 

asphalte  pavements  are  usually  Hiiuded  to  prevent  slipping; 
tins  is  especially  objectionable  in  the  case  of  the  latter 
owing  to  its  tending  to  injure  the  surface  of  the  pave* 
ment.  To  avoid  slipperiuess  it  is  absolutely  essential  that 
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botih  wood  and  aaphalte  be  thorougbly  and  systematLcaUy 
deansed ;  the  latter,  indeed,  should  be  well  washed  eveiy 

night  or  morning,  and,  as  before  meutioued,  if  this  cleansing 
were  efficiently  and  systematically  carried  out,  there  would 
be  no  oom^aints  as  to  danger  from  slipping. 

DeBtrueiwn  of  Favmenia  hy  Water  and  Gob  Cmpanm. — 
No  one  can  have  failed  to  observe  the  manner  in  which  a 
newly-laid  pavement,  almost  immediately  up  on  comple- 
tion,  is  frequently  opened  up  by  gas  and  water  companies 
tor  repairs  to  their  mains,  ajid  the  inefficient  way  in  which 
the  repairs  to  the  pavement  are  subseqnenHy  executed. 
In  fact,  the  wholo  affair  is  a  perfect  scandal,  and  it  is 
utterly  impossible  to  have  the  roads  or  streets  in  a  good 
condition  so  long  as  it  is  permitted  to  eidst.  Another 
cause  of  the  deplorable  state  of  so  many  of  our  streets  is 
their  extreme  narrowness. 

Comparative  Facility  of  Scavenging  Asphalte  and  Block 
Fa/vmmU* — ^The  great  facility  with  which  an  asphalte 
payment  ean  be  seaTonged,  and  maintained  in  a  sanitary 
oondition,  form  its  two  greatest  advantages,  and  its  main- 
ton  an  ce  is  also  easy.  With  wood  pavement  the  time 
required  for  its  proper  restoration,  after  opening  up  for 
repairs  to  water  and  gas  mains,  is  a  great  objection.  All 
block  pavements^  whether  oomposed  of  stone  setts,  wooden 
blocks,  or  bricks,  provide  in  the  numerous  joints  recep- 
tacles for  filth,  and  the  wider  these  joints  the  more  aggra- 
vated will  be  the  evil,  and  not  only  is  it  necessary  to  insure 
a  sanitary  condition,  that  in  business  thoroughfares  the 
horse-droppings  be  regularly  removed  by  a  street  orderly 
service,  but  likewise  that  the  pavements  shoidd  be  cleansed 
every  d^iy,  either  by  iiorse  sweeping-machines  or  by  hand 
labour,  and  at  least  once  a  week,  and  preferably  twice  a 
week,  in  dry  weather,  the  pavement  should  be  thoroughly 
watered  and  machine-swept.  It  is  a  very  doubtful  matter 
wheliier  wood  pavements  with  grooves  or  wide  joints  pro- 
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▼ide  any  better  iooHhold  to  horses  than  do  dose  jomts, 
owing  to  the  rounding  of  the  edges  of  the  blocks  in  the 

first  iiistaiiLe,  and  tho  greasy  mud  which  collects  in  the 
spaces,  but  such  joints  undoubtedly  provide  receptaoles 
for  the  dirt,  and  render  the  proper  cleansing  a  matter  of 
great  difficulty^  as  well  as  forming  a  bumpy  and  dis* 
agreeable  surface.  The  xmndpal  streets  in  a  semi-rural 
district  may  be  kept  m  tolerable  coiidition  bj  being  swept 
twice  each  wee]^. 


CHArTER  XXY. 

Th»  first  thing  to  be  observed  by  the  engineer  in  lay- 
ing out  a  mountain-road,  is  that  he  should  personally 
examine  every  possible  route  before  deciding  upon  the 
line  to  be  fc^llowed.  An  old-established  line  of  traffic 
should  not  be  hastily  abandoned  for  one  that  presents 
greater  engineering  facilities,  and  apparently  equal  com* 
mercial  advantages.  Major  James  Browne*  mentions  an 
instance  where,  in  one  district  of  the  Punjab,  a  new 
road  was  made  from  the  hills  to  the  plains,  which,  it  was 
thought,  would  at  once  draw  away  all  traffic  from  the 
old,  circuitous,  and  greatly  more  difficult  lino.  Never- 
theless, the  old  road  is  used,  and  the  new  one  is  not 
used,  for  the  simple  reason  that,  whereas  both  lines  are 
thickly  wooded,  the  trees  on  the  new  line  are  acacias  and 
thorn  bushes,  w  liikt  tliom  on  the  old  line  provide  excellent 
forage  for  the  beasts  of  burden,  for  five  days'  march- 
Major  Browne  adds,  that  the  natives  of  India  have 
generally  had  good  economical  and  local  reasons  for  the 
selection  of  their  old  lines  of  traffic. 

The  broad  principle  most  generally  applicable  in  the 
selection  of  mountain-roads,  is,  according  to  Major  Browne, 
— ''The  best  line  for  a  mountain-road  is  that  on  which 
the  total  sum  of  the  ascents  and  of  the  descents  between 

♦  **  On  tlio  Tracing  and  Construction  of  Eoads  in  Mountainous 
Tropical  Countries." — Procecdiugi  oj  ilis  Insiitulwn  of  Civil  Enyint^ri 
1873-4 ;  vol.  xxxviii.  |>age  67? 
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the  extreme  points^  is  the  least."  At  elevations  exceed- 
ing 8,000  feet,  attention  is  to  be  given  to  the  action  of 
snow  in  winter ;  for  want  of  suoli  consideration,  xoada^ 
otherwise  well  laid  out,  aro  rendered  impassable,  for 
many  weeks,  by  avalanches.  In  the  Himalayas,  the 
northern  slopes  are  thickly  wooded,  where  the  sonthem 
slopes  are  bare.  The  wooded  side  should  be  selected; 
for  the  trees  break  the  force  of  the  rain  as  it  falls,  and 
the  road  is  better  protected  than  it  would  be  on  the 
bare  hillside.  WKere  the  road-trace  crosses  a  deep 
chasm  formed  by  a  river,  the  approaches  should  be  laid 
down  stream,  to  hav^  the  benefit  of  the  slope  of  the 


Fig.  Si.— Boad-TkMt  upgnmi^aing  a  de^  Chtmau 


river  bed.  Major  Browne  illustrates  this  proposition, — 
by  drawing  the  horizontal  line,  e  h,  Fig.  84,  through 
the  point  e,  where  the  road  is  to  cross  the  eloping  bed 
of  tku  river,  a  ]>arallel  to  the  bank,  c  D,  of  the  vertical 
height  EM.  Draw  ef  and  e  g  tlirongh  e,  making  e^ual 
angles  with  the  horisontal  line.  The  down-stream  trace 
clears  the  bank  in  the  distance  b  f,  which  is  shorter  than 
the  up-stroaiii  traco  e  g.  The  distinction,  though  obvious, 
is  frequently  overlooked. 

Heavy  expenses  and  difficult  drainage  are  often  avoided 
by  the  use  of  zig-zags  in  the  xonte.  In  marking  out  the 
formation-level,  cuttings  wluch  would  exceed  10  or  15 
feet  in  depth  should  be  avoided^  if  possible*   In  the  stony 
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Boil  of  a  hil]  J  coimtiy,  no  trustworthy  information  ia  to  lie 
had  by  boring,  for  rock  of  the  toughest  and  hardest  de- 

Bcription  may  crop  up  where  least  expected.  In  tracing 
a  Himalayaii  cart-road,  length  is  the  main  thing  sought 
for,  to  surmount  the  inunense  heights  met  with.  Ereiy 
possible  foot  of  rise  should  be  gained,  and  never  lost. 

The  steepest  admissible  gradient  for  an  unmetalled 
mountain  cart-road  iu  India,  is  usually  considered  to  be 
1  in  18,  or  5*66  in  100.  Where  the  trace  rises  steadily, 
the  gradient  is  broken  at  every  500  or  600  yards  by 
100  feet  or  so,  of  slight  counter-slope,  not  merely  to  ease 
the  cattle,  but  also  to  break  the  drainage. 

Mr.  Dobson,  writing  horn  his  experience  of  road-making 
in  New  Zealand,*  says  that,  whilst,  in  level  districts,  it  is 
sometimes  worth  while  to  incur  considerable  cost  for  the 
sake  of  avoiding  inclines  steeper  than  1  in  30,  in  hilly 
oountiy,  a  gradient  of  1  in  10  may  often  be  considered 
a  fair  working  gradient ;  that  a  gradient  of  1  iii  0  is  u 
limit  which  should  not  be  exceeded  for  a  cart-road,  and 
that  it  is  seldom  worth  while  to  increase  constructive  costs 
for  the  sake  of  attaining  gradients  flatter  than  1  in  22. 

In  India,  ilw  usual  width  of  a  mountain  cai't-road  varies 
from  18  feet  in  open  ground,  to  12  feet  along  difOs  or  iu 
vexy difficult  places;  the  maximum  gradients  vaxy£rom 
1  in  18  to  1  in  25.  The  metalled  road-surface  in  cutting 
along  a  muuntain-side,  is  usually  sloped  inwards  from  the 
outside,  at  the  rate  of  1  in  18.  The  metalling  consists  of 
a  O-inch  layer  of  broken  granite,  kunkur  rock  (a  concre- 
tion of  carbonate  of  lime),  or  coarse  slate  shingle. 

The  cost  of  the  construction  of  a  road  in  India,  ex- 
lilusive  of  metalling,  accordm^^^  to  Major  lirowno,  may 
vary  from  £1,500,  where  the  bridging  is  light  and  labour 
is  abundant,  to  £2,700  per  mile,  where  the  excavation  is 
heavy  and  the  labour  is  scarce.    An  addition  of  £300  per 

*  Tioneer  Engineesing,"  page  61. 
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xnilo  is  to  be  made  for  meialliag,  wliich  would  be  at  the 
rate  of  about  *J4.  per  square  jard.  A  portion  of  the 
HmduBtan  and  Thibet  road, — an  luimetalled  mule-road, — 

7  feet  ill  width,  with  gradients  of  from 

1  in  6  to  1  in  4,  cost  about  £500  per  mile.  1 1  . 

The  Grand  Trunk  road,  in  India,  837  1 1 1 
miles  in  length,  constructed  to  connect  sj^i  54 
distant  parts  of  the  lieugal  Presidency, 
has  been  in  use  for  upward  of  25  years.  It 
is  raised  at  every  part,  about  18  inches 
above  the  greatest  known  height  of  in- 
undations. The  standard  width  of  the 
surface  was,  in  the  first  instance,  30  feet; 
this  was  afterwards  increased  to  40  feet, 
with  side  blu2)es  of  4  to  1.  The  central 
portion,  16  feet  wide,  is  metalled  with 
broken  granite,  or  kunkur,  which  is  laid 

8  inches  thick,  and  is  rolled  or  beaten  down  ,^  ? 
to  6  inches,  by  which  means  a  smooth  road 
is  formed*  When  reduced  by  wear  to  a 
thickness  of  4  inches,  which  is  generally 
done  in  three  yc^ars,  the  surface  is  picked 
over  to  the  di^pth  of  half  an  inch,  and  a 
thickness  of  4  or  5  inches  of  new  metal  is 
laid  upon  it;  and  it  is  again  rolled  or 
rammed,  and  at  the  same  time  well  watered, 
to  bind  and  consolidate  the  new  material. 
It  is  calculated  that  the  whole  depth  of 
metalling  is  renewed  every  six  years.  The 
cost  of  the  road  is  about  £500  per  mile, 
exclusive  of  large  bridges.  The  cost  of 
laying  the  metalling  is  stated  as  £162  2«.  per  mile,  or 
6*22d^.  per  square  yard ;  the  cost  for  repair  and  main- 
tenance  of  metalling  is  £23  128,  per  mile,  or  X'ZM.  per 
s(^uare  yard  per  yeftr. 
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The  usual  section  for  a  first-class  road  in  India,  like 
what  has  jnat  been  deaciibedy  is  shown  in  embankment, 


Fig.  86.— Roads  in  India :— FirsUclttsa  Koad  in  Heavy  Cutting. 


in  Fig.  85 ;  and  in  heavj  cutting  in  Fig.  86.  Hill  roads 
are  shown  in  section  in  Figs.  87,  88,  and  B9. 


Fig.  87.— >IU>ad0  in  India  ;— HUi  iioait 


fig.       BcAds  in  India  :-HiU  Boad. 

TLe  vertical  lines  uf  cliil's  present  the  most  formidable 
obstacles  to  the  foimation  of  a  road  along  their  faces.  In 
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Eig.90|  if  ▲  B  0  be  tha  section  of  the  oLiff,  aad  the  rock  be 

tufficieutly  hard  aad  stiff,  a  half-tuaael  like  d  £  f  ma/  be 


Fiff.  a9.-fi<Mids  in  India  t-HIll  Hor  d. 


fig.  &0.— FoRnation  of  a  Eoad  in  the  face         Yig.  81.— Formation  of  a  Hoad  in 
ofaCUff.  fbe  Aim  of  a  Cliff, 

blaat^d  out  ^  but  if  it  be  too  soft  and  rotten  to  admit  of  this 
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beiiig  done,  the  best  plan,  if  the  cliff  be  of  any  great  height^ 
B  7,  aboye  the  f onnation  level,  is  to  blow  out  the  whole  pieoe 
o  E  P  by  a  large  mine  at  e.  Mining  should  not,  as  a  rule, 
be  employed  where  there  is  a  chance  of  the  strata  being 
blown  out  downwards,  aooording  to  the  dip ;  for  a  piece 
may  be  bloirn  out^  like  the  shaded  portion,  Fig.  91,  when 


Fig.  82.— Mo:ie  oi  formattoa  of  a  noftd  in  the  iaxse  of  a  CM. 


much  time  and  expense  are  entailed  in  rectifying  the 
level. 

The  general  mode  of  attacking  a  vertical  cliff,  and  of 
fexming  a  half-tunnel,  is  shown  in  Eig.  92.  The  large 
blasts,  a,  a,  a,  a,  driven  8  feet  in  depth,  at  an  angle  of  45*, 
are  7  feet  3  inches  apai-t  horizontally,  and  5  feet  vertically. 
The  small  holes  b,  3,  &c.,  3  feet  apart  and  3  feet  deep, 
which  are  not  fired,  serve  to  determine  and  facilitate 
ruiiture  at  the  proper  leveL    Tliese  blasts,  when  £red, 
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generally  blow  out  or  loosen  a  piece  like  a  B  o  D.  The 
remainmg  space,  b  b  f,  is  blown  out  in  the  same  manner.* 

"  It  sometimes  happens,"  says  Mir.  Dobson,  "  &at  ad- 
vantage can  be  taken  of  the  natural  stratiiication  to  econo- 
mise work  in  a  long  side-cutting.  This  was  done  by  the 
Author  in  the  case  of  a  road  over  Evan's  Pass,  at  Port 
Lyttelton,  New  Zealand.  The  descent  of  the  Pass  was  on 
the  side  of  a  long  volcanic  spur,  formed  by  a  succession  of 
lava  streams,  dipping  at  an  angle  of  1  in  12,  the  lower 
part  of  each  lava  stream  being  hard  volcanic  rock,  whilst 
tiiu  Upper  portion  was  soft  and  easily  worked. 

"  The  line  was  originally  set  out  with  a  gradient  of  1  in 
17,  which  would  have  entailed  a  series  of  cuttings  through 
the  hard  rock,  and  retaining- walla  in  firont  of  the  softer 
portions.  By  altering  the  p^radient,  however,  to  that  of 
the  lava-streams,  a  solid  iioor  was  obtained  throughout, 
the  retaining-walls  were  dispensed  with,  and  the  excava- 
tion was  made  chiefly  in  soft  material.  The  alteration 
eiBPected  considerable  saving  in  time  and  fiist  cost,  as  well 
as  in  the  cost  of  maintenance.^' f 

*  These  particulars  are  <kriyed  from  Miyor  Browne's  paper,  already 

referred  to. 

t  Sec  Mr.  Doljson's  work  on  Fioneer  Engineering  for  valuable  inlor* 
uatiou  on  the  tracing  of  roads  in  mountainous  districts. 
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EESIBXANQE  TO  TAAOTION  ON  COMMON  BOAD& 


In  investigations  into  the  roBiBtanoe  to  wlieels  on  com- 

Dion  roads,  it  is  usual  to  construct  a  diagram  showing  a 
wheel  on  a  liorizontal  plane  in  contact  with  a  stone,  over 
which  it  is  to  be  pulled ;  and  the  force  required  to  pull  it  over 

9 

the  obBtade  is  calculated.  But  this  is  not  the  kind  of  re« 
distance  worth  investigating,  and  it  certainly  has  no  relation 
to  the  kind  of  resistance  which  is  usually  opposed  to  the 
wheels  of  vehicles  on  inferior  roads.  The  resistance  is 
that  of  a  medium  distributed  over  the  suLmorgod  por- 
tion of  the  circum- 
ference of  the 
wheel,  in  advance 
of  the  perpendic- 
ular lino  drawn 
fxom,  the  centre  of 
the  wheel  to  tiie 
plane  of  the  road. 
Y  Let  a  oh  (Mg.  93) 
be  such  a  wheel 
drawn  over  the 
horizontal  surface  cd  eoi  the  road,  in  tlio  direction  o  f;  and 
let  the  road  be  of  such  a  consistency  that  the  wheel  pene- 
trates to  the  depth  d  h  below  the  surface,  leaving  a  track 
h  g  behind  it.  The  arc  &  «  is  the  submerged  portion  of 
the  circumference,  and  it  may  be  assumed  to  be  identical 
with  the  chord  of  the  arc,  h  e»   Now,  the  resistance  is  dis- 

D  D 


Fig.  98.— Honing  BwMaoM  tD  TrMtkMl. 
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tributed  oyer  the  siirfaoe  het  and  ifc  may  be  taken  as  acting 

on  this  biirface  perpendicularly  to  the  plane  of  the  road,  or 
vertically  and  directly  opposed  to  the  gross  weight  oon- 
aisting  of  the  weight  of  the  wheel  and  the  load  upon  it. 
To  simplify  the  inreetigation,  let  it  be  supposed  that  the 
upper  portion  of  the  road  is  homogeneous,  as  clay  or  sand ; 
then,  the  resistance  to  penetration  is  nothing  at  the  surface, 
and  it  increases  as  the  depth ;  and  the  upward  resistance 
along  the  line  of  submersion  ^  is  a  maximum  at  h  and 
it  vanishes  at  <?,  and  the  varjdng  intensity  of  the  graduated 
pressure  may  be  represented  by  an  isosceles  triangle,  of 
which  the  centre  of  gravity  A,  situated  at  one-third  of  its 
length,  h  A,  from  the  base  h,  is  also  the  centre  of  resistance, 
and  therefore  also  the  centre  of  pressure  under  the  load ; 
and  the  radial  line  o  A  is  the  resultant  of  the  pressure  of 
the  load,  measured  in  force  and  direction  by  the  vertical  o  t , 
and  the  traction  force,  measured  by  the  horizontal  line  h  i, 
or  0  Jt,  But  the  vertical  o  i  may  be  taken  as  equal  to  the 
radius  o  5,  and  the  horizontal  h  %  may  be  taken  as  one- 
third  of  the  semichord  of  submersion  c  whence  the 
Biiiiple  proportion,— 

Load :  tractiTe  force : :     : « if 

radius  of  wheel :  fsemichoid; 

and  the  resistance  to  traction  is  equal  to  the  product  of 
the  load  by  the  third  of  the  semichord,  divided  by  the 

radius  of  the  wheel. 

But  the  length  of  the  semichord  c  d  may  be  more  easily 
determined  by  calculation  from  the  measured  depth  of 
submersion  d  It  is  equal  to  the  square  root  of  the  pro- 
duct of  the  segments  into  which  the  diameter  ab  i&  divided 

by  the  plane  of  the  road  cde,  or  to^adx  dh;  and  the 
whole  of  the  calculation  is  embraced  by  the  equations- 
Tractive  force  ok  =  ^X  ^>Af  X<i^^  /j  . 
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Tlio  equation  is,  no  doubt,  appHcable,  witti  a  Bufficient 
degree  of  accuracy,  for  any  real  needs,  for  calculating  the 
iresiBtanee  of  gravel,  loose  Btonee,  soft  earth,  or  clay. 

The  work  done  in  compressing  the  material  of  the  road 
is  easily  indicated  diagrammaticaUj,  by  supposing  the 

wheel  to  advance 
through  a  space 
equal  to  the  semi- 
ohoid  e  d,  or  the 
length  of  submer- 
sion. Thus,  in 
Tig.  94,  the  wheel 
«  h  is  supposed  to 
ToU  forward  and 
to  occupy  the  po- 
w.  T>  sition  a  b\  The 

94.— BoUmg  Eesifltance  to  Traction.  ,  , 

,  work  done  in  com- 

pressing  the  road  is  proportioned  to  the  four-sided  area 
^  <f  ^  b,  comprised  between  the  circumferential  segments 

h  c  and  and 
this  area  is,  by 
the  propoities  of 
the  circle,  equal 
to  the  original 
roctangfular  area 
bdcb', 

Now,  suppose 
a    wheel  aba, 

Fig.  95,  of  larger 
diameter  with  the 
samegrossweight, 
to  travel  over  the 
same  surface.  It 


».-Bq||la»Berirt«iw»  to  Traction. 


;«       •       ^1  .  Bcwne  Bunace.  it 

«ob«oa,  that,  tf  it  could  rink  to  the  «„n.e  depth.  ^  as 
that  fct  the  «aaUex  wheel,  the  length  of  immLoi.,,|^ 
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would  be  increasddt  and  the  rectangle  dbxdc,  representing 
work,  would  be  greater  than  that  peifofmed  bytiie  amaller 

wheel  in  the  first  example.  Such  a  supposition  cannot  be 
admitted  :  the  depth  of  immersion  d  b,  for  the  larger 
wbeel,  must  be  less  thaa  ihat»  4  b,  for  the  smaller  wheels 
though  the  length  of  immeraion  d  o,  must  be  greater  than 
that,  d  Cj  for  the  smaller  wheel ;  but  not  so  much  greater 
as  if  the  wheel  were  sunk  to  the  hrst  depth  d  b. 

In  fine,  larger  wheels  sink  less,  but  spread  more,  into 
the  eurfaoey  than  smaller  wheels,  in  such  proportion  that 
the  area  of  the  rectangle  representing  work  of  submersion 
is  constant  for  all  sizes  of  wheels.  In  this  instance,  accord* 
inglj,  the  rectangle  dh  x  <i ^  =  the  rectangle  dB  X  do. 

It  might  be  thought  that^  on  tiiis  principle  of  the  con- 
stancy of  tlie  work  of  submersion,  in  a  soft  road,  the  re- 
sistance to  traction  must  be  the  same  for  all  diameters  of 
wheels.  But,  as  the  rectangle  of  work  is  spread  over  a 
longer  space,  d  o,  for  the  larger  wheel,  than  the  space,  d  c, 
for  the  amaller  wheel,  it  follows,  on  the  contrary,  that  the 
resistance  or  force  of  traction  varies  in  some  proportion 
inversely  as  Hko  diameter,  being  leas  as  the  diameter  is 
greater.  This  conclusion  accords  with  experience;  but, 
though  the  actual  law  of  variation  may  not  be  strictlj 
dedudble  in  the  line  of  reasoning  here  traced,  it  is  never- 
theless useM  to  cany  the  reasoning  to  its  logical  conclu- 
sion. Let  a  and  a  be  the  diameters  respectively  of  tlie 
smaller  and  the  larger  wheels ;  h  and  b  the  depths  of  im- 
mersion ;  and  e  and  o  the  lengths  of  immersion,  isitdc  and 
d  0  respectively.  As  already  stated,  the  areas  of  immer- 
tsioji  are  eq^ual  to  each  other  j  or, 

»<»sBG.  (2.) 

Also,  tiie  values  of  c  and  o  are,  by  the  properties  of  the 

circle,  expressible  by  the  products  V  ab  and  V  a  oj,  for 
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all  cases  that  need  occur  in  practice ;  and,  by  siibstitutioq 
in  the  equation  (2)^ 

h^rb  =  By/Ki;  (3.) 
aiidy  squaring  both  sides, 

a     =  A  B».  (4.) 

Finally,  extracting  the  cube  root  of  each  side  ot  {his 

e<^uatiou  (4),  the  ec[uation  (5)  is  obtained, 

b^ssBJ^  (5.) 

which  may  be  developed  into  the  proportioiiy— 

showing  that  the  depth  of  immersion  yaries  as  the  cube 

root  of  the  diameter.    But,  mh  o  =zb  o,  and  b:  b::  o: 
theni 

0  :  c  : :         :  y/a^  (7.) 

showing  that  the  length  of  immersion  is  as  the  cube  root 

of  the  diameter.  It  has  already  been  seen  that  the  force 
of  traction  is  as  the  length  of  immersion ;  thereiore, 
finally, — 

2^  eireumfermMl  or  rolUng  resUtmm  of  wheeU  to  iraetion 

on  a  level  roadf  lii  inversely  ^rojjo^rtii^ml  to  the  cube  root  of  ike 
diameter. 

On  this  principle  of  resistance,  it  follows  that,  to  reduce 
the  rolling  resistance  of  a  wheel  to  one-half,  for  instance, 

tl\o  diameter  must  be  enlarged  to  eight  times  the  primary 
diamitcr. 

The  deduction  of  M.  Morin,  mentioned  at  page  51,  that 
tlie  resistance  yaries  simply  in  the  inyerse  ratio  of  the 

diameter  of  the  wheel, — so  that,  for  example,  a  wheel  of 
twice  the  diameter  would  only  incur  half  the  resistance,-^ 
has  been  generally  accepted.  But  this  deduction  is  not 
h  up  ported  by  the  foregoing  analysis  of  forces,  and  there  is 
good  reason  for  renouncing  it,  in  the  more  recent  ezperi* 
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ments  of  M .  Dupuit.   He  placed  model  wheels  or  rollen 

of  varioua  diameters  at  the  summit  of  an  inclined  plane, 
succeeded  by  a  horizontal  plane^  on  which  they  rolled  down 
by  the  force  of  gravity  and  arrived  at  a  state  of  rest  after 
having  expended  the  energy  acquired  in  falling  through 
the  height  of  the  plane.  From  these  and  other  experi- 
ments he  drew  the  following  deductions : — 

On  macadamised  roads  in  good  oonditioni  and  on  nni- 
fonn  surfaces  generally,— 

1.  The  resistance  to  traction  is  directly  proportional  to 
the  pressure. 

2.  It  is  independent  of  the  width  of  the  tyre. 

3.  It  is  iuyersely  as  the  square  root  of  the  diameter. 

4.  It  ia  independent  of  the  speed. 

IL  Dupuit  admits  that  on  paved  roads,  which  give  rise 
to  constant  concussion,  the  resistance  increases  with  the 
speed,  whilst  it  is  dimiuished  by  an  enlargement  of  tho 
tyre  up  to  a  certain  limit. 

M.  Debauve*  submits  the  following  data  for  resistance 
of  vehicles  on  common  roads,  in  which  it  may  be  remarked 
that  the  resistances  decrease  in  chronological  order, — 
owingy  no  doubt,  as  he  says,  to  the  progressive  improve* 
ments  in  vehides  and  in  roads.  The  data  are  here  given 
in  English  measures 

Per  cent.  Per  ton. 

Count  Bomffxid  •      •      .  7*7  or  l-13th  ol  the  wt»;  or  172  5  lbs. 

Gordon      .      ,      .      .  6-2  or  1-1 6th      „     „  „     139  Ibg. 

Costo  and  Perdoniiet  •      •  2*9  or  l-35th      ^  Golbs. 

Kayier      •      ...  2*2  or  i-46th     „    „  „   49*2  Ibe. 

2iid. — On  Faped  Road* : 

Uumford     .      .      .      .  6*6  or  1-lSth  of  the  wt ;  or  1*23-2  lbs. 

Navier  (walking  pace) .      .  4*0  or  l-2dth      „     „  „   89*6  lbs. 

Do.   (at  a  trot)       .      .  T'l  or  l-14th      „     „  „  169  0  lbs. 

Coste  and  Perdonnct   .      .  3*3  or  l-30th      „  ^   73-9  lb& 

*  Ifanuel  de  ringinieur  de*  ToHts  et  Chausteet,  9*^^  Fascicule ;  page  31. 
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Tablb  No.  43. — Kb&187anc£  to  Tbaction  on  Common  Hoadi. 

(M.  DebauTd.) 


Oeoi 

Xombiil. 

Oalmolet 
Jaunting-car  | 

Stage-ooach  I 


IHameter 
oltbe 


leet.  inches. 
6  0 


6 
6 
6 
6 
4 
4 
2 
4 
8 


1 

2i 

3 

6 

m 
11 

10 
11 


Width 
oifhe 
ttrct. 


inchee. 

2 

3 
4-4 
6-6 

6 

2 

2 

2 

6-2 


Draft,  in  pounds  nex  ton 
of  the  weight. 


Unifoim 
metal  road, 

at  a  walJc 

01  at 
a  tvot* 

Puved  road. 

at  u  walk. 

at  a  trot 

pcunde. 

pounds. 

pounds. 

72 

47 

63 

69 

46 

67 

39 

67 

37 

65 

40 

81 

64 

76 

81 

67 

83 

81 

67 

83 

65 

36 

45 

65 

36 

45 

M.  DcLauvo  makes  the  general  deductions  from  this 
table,  that  the  advantage  oi  the  pavement  over  the  nietailed 
road  is  oonsiderable  for  waggons^  is  less  for  stage-coaches, 
and  is  nearly  nothing  for  vaifursi  d$  luxe,  or  the  cahriolet 

aud  tlio  jaunting-car.  The  efiect  of  the  tabulatud  vuiues 
isy  in  summary,  as  follows : — 

On  metalled  roads.       On  parements. 
.   671b.  per  ton         381b,  por  ton. 


YBHICLBt. 

"Waggon 


Stagecoach 
Cabriolet 


671b. 
811b. 


n 


451b. 
76  to  83  lb. 


9i 


M.  Tresca  tested  the  resistance  of  an  omnibus  on  Loubat^s 

system,  adapted  with  wheels  for  running  on  a  common 
road.  The  experiments  were  made  on  an  inclined  street 
in  Paris,  in  good  condition,  having  ascending  gradients  of 
1  in  55,  one  part  of  which  was  paved,  and  another  part 

was  macadamised.  The  frictional  resistance,  after  the 
gravitation  on  the  indine  was  eliminated,  was  as  ibilows : — 
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Frietloiul 

BimvAOS.  OroMwei^t.         6x>eed.  resistanoe. 

Maoadam  .  6-67  10*7  88 

Flmmeiit    •      •      •  6*67  10*1  66 

The  resistimce  to  traction,  of  a^cultural  carts  and 
waggons,  was  tested  at  Bedford  in  July,  1874,  bj  means 
of  a  new  hone-dynamometer  designed  by  Meem.  Bastons 
and  Anderson.*  The  first  oonrse  was  a  piece  of  hard  road 
rising  1  in  430 ;  it  was  dry  and  in  fair  condition,  largely 
made  of  gravel.  The  surface  was^  in  many  places,  some- 
what loose.  The  second  course  was  along  an  arable  field, 
growing  oats,  on  a  rising  gradient  of  1  in  1,000  \  it  was 
very  dry,  and  was  haider  than  in  average  condition.  The 
fore  wheels  of  the  waggons  averaged  3  feet  3  inches,  and 
the  hind  wheels  4  feet  9  inches  in  diameter ;  the  width  of 
the  tyreb  was  from  2i  to  4  inclies.  Tlie  weight,  empty, 
averaged  about  a  ton,  and  it  was  nearly  equally  divided 
between  the  fore  and  hind  wheels.  The  cart  wheels  were, 
say,  4  feet  6  inches  high,  with  tyres  Z\  and  4  inches  wide. 
The  weight  of  the  ompty  carts  averag-ed  10  cwt.  The  loads 
were  froni  2  to  4  tons  in  a  waggou,  and  1  ton  in  a  cart. 
The  following  results  are  deduced  from  the  given  data ; 
the  speeds  averaging  2^  miles  per  hour 


Biait  onroad. 

1  IMI<»IMd. 

lit-iluced 

Beduoed 

VandUL 

ToCaL 

to  a  lerel. 

TotaL 

to  a  level. 

Per  ton, 

Per  ton, 

grofia. 

grosa. 

Pair-Iione  waggon  without 

Foundi). 

Pounds. 

Pounds. 

Pounds. 

springs  .... 

43-5 

700 

210 

2  pair-horse  waggoos  'with- 

out apriiigs 

261 

44.5 

997 

194 

Pair-horse    waggon  with 

133 

springs  .... 

34-7 

710 

210 

1-boiae  cart,  witliout  spnnga 

49*4 

28 

212 

140 

•  Seo  a  report  of  the  trials  in  Engimering^  July  10,  1 874,  pape  23. 
t  See  MimmH  vf  Muks,  Tables^  and  Data  for  Mechanical  liuyuieeru 
1877,  prtgO  962.  .    ..^  Digitized  by  Cu.-^^^ 
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The  xesnlts  of  Sir  John  MaeneiPs  expenmeints  on  the 
traetiye  foice  required  to  draw  a  waggon  on  yaiiona  kinds 

of  road  has  already  been  given,  page  52.  He  made 
other  experiments  on  the  traction  of  a  stage-coach  on  a 
section  of  the  Holyhead  Boad.  The  weight  of  the  coach 
empty  was  18  cwt.  j  and  the  weight  of  seven  passongora 
in  addition,  allowing  li  cwt.  for  each  passenger,  was 
lOk  cwt. ;  total  weight,  2^  cwt.  The  first  part  of  the 
following  table  has  been  arranged  for  various  gradients 
and  various  speeds,  fruni  tlie  statumunt  calculated  by  the 
experimenter.  The  second  part  of  the  table  is  added  to 
show  the  net  Pactional  resistance  after  the  elimination  oi 
the  resistance  of  gravity  :— 


Tablb  No.  44. — Tractive  Foeck  bequired  to  Draw  a  Stage- 
coach;— Q&oss  WEIGHT  1*42  Tons. 


1 

QBAIIBirT.  , 

1 

Total  tnMtiTe  tam  wqiiired> 

Net  frictional  reaistanfle 
per  ton. 

Slpeedinmiletpe) 

e    1  s 

rlMor. 
10 

Speed! 
6 

n  miles  pt 
S 

irbowr. 
10 

■ 

1 

1 

1  in  20  . 

1  in  26 
1  in  30 
1  in  40 
1  in  GOO  . 

Uii. 
268 

213 
165 
160 
111 

lbs. 

296 
219 
196 
160 
120 

lbs. 

318 
226 
200 
172 
12S 

lbs. 
76 
63 
41 
66 
72 

Om. 

96 
68 
63 
Gl 
78 

Ibe. 

112 
72 
66 
65 
81 

AvoiagBs 

62 

1 

73 

79 

The  net  Motional  resistances  at  equal  speeds,  vary  very 

much  for  different  gradients,  by  some  unexplained  cause. 
They  are  a  maximum  for  the  steepest  gradient,  and  a 
ininlnmm  for  gradients  of  1  in  30  and  1  in  40 ;  for  these 
they  are  lees  than  for  1  in  600,  which  is  nearly  a  leveL 

The  mode  of  action  of  the  horses  upon  the  carriage  may 
have  been  sji  iniiuential  element.   The  averages  show 
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Aft  g  wSJm  per  hoar>  62  Ibi.  per  ton  feictional  imtinom. 
At  8  7311m.  „ 

At  10     M      »t      79Ibi.        »  „ 

With  til  068  maybe  associated,  for  the  purpose  of  deducing 
a  formula^  the  reaiatauce  of  a  waggou  on  a  good  road, 
givea  at  page  52,  at,  aay,  3*  mUes  per  hour,  44lb«,  per 
ton,  Actional  resistance.  Flotting  the  reeistanoea  per 
ton  for  the  above  four  apeeda,  the  following  formula  is 
deduced : — 

MtkHmud  JUtUimm  io  DracHon  of  a  8Uig§<Hi^ 
E  =  30  +  4i?  + 

B  =  the  fiictional  reaiatance  to  traction  per  ton. 

V  ^  the  speed  in  miles  per  hour. 

NoTB. — The  formula  is  applicable  for  waggons  at  low  speed.  Thi» 
lovmula  is  simpler  than  the  formulas  deduced  by  Sir  John  Macneil, 
page  63,  and  it  is  equally  approximate  and  oompreheDaiye. 

lif .  Chari^-Marsainee  made  obsenrations  of  a  general 

character  on  tlio  performance  of  Flemish  horses  drawing 
loads  upon  the  paved  and  the  macadamised  roads  in  the 
north  of  France,  where  the  country  is  flat,  and  &e  loads 
are  considerable.  The  results  of  his  observations,  pub- 
lished by  M.  Debauve,  are  here  given  in  English  measures, 
in  Table  No.  45. 

Tablb  No.  45. — Peiiformanck  of  Horbss  on  Koads  in  Fbancb. 

(M.  Gharie-Maraainea.} 


FoftBon  of 
tbe  year. 

Description 
otroad. 

Weight 
per  horse. 

SiKyed  in 
miles  per 
hour. 

Work 
done  per 
hour,  in 
tons 
drawn  one 
mile. 

Batio  of  paved 

road  to 
macadamiaed 
road. 

Winter  | 

Summer  ^ 

Pavement . 
Macadam  • 
Pavement . 
Macadam  . 

Tons. 
1-306 
•851 
1-395 

MileA. 
205 

1-  91 

2-  15 
216 

Ton-milea. 
2-677 
1-626 
3  027 
2*464 

1  1-644  to  1 
1  1-229  tol 
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The  table  shows  that  there  is  a  clear  inferiority  of  per- 
fonnanee  in  summer ;  and  that  the  pavement  is  superior, 
even  in  winter,  to  the  macadam  in  summer — 

Rati<». 

Payemeat,  summer  .       .    3  027  tons  drawn  one  mile,  1*86 
winter     .       .    2*677       ff  1*65 
Haoadam,  samiiier  •      .  2*464  1*52 
o       winter    .      .   1*625      ^,  1*00 

The  average  dailj  work  of  a  Flemish  horse  in  the  north 
of  France  is,  on  the  same  authoiitj,  equiyalent  to  21*82 
tons  drawn  one  mile,  in  winter ;  and  to  27*28  tons  drawn 

one  mile^  in  summer  ;  giving  a  mean  for  tho  year,  of,  say, 
25  tons  drawn  one  mile.  The  horses  are  powerful,  and 
tlie  roads  are  easy. 

M.  Ohari^-Marsaines  observed  that  the  harness  lasted 
six  years,  over  pavement ;  and  only  five  years  over  ma- 
cadam. Also,  that  the  waggons  lasted  7  years  on  the 
pavement,  and  9  years  on  the  macadam  :  whilst  the  horses 
lasted  much  less  time  on  the  macadam  than  on  the  pave- 
ment. Tho  greater  mortality  on  the  macadam  is  ascribed  to 
the  inhaling  of  the  fine  silicious  dust  which  rises  from  it. 

It  is  stated  by  Mr.  D.  K.  Clark,*  that  a  good  horse  can 
draw  a  load  of  1  ton  at  2i  miles  per  hour,  for  from  10  to  12 
hours  a  day ;  equivalent  to  (1  x  2^  x  10  =:)  25  ton-miles 
per  day.  This  is  the  same  performance  as  is  above  given 
by  M.  Charie-Mai'saines. 

TiBis  45*.  ICiAif  Yixrasov  Co-smoniiTSOFTftAonoir.  MUMin  (1897). 


Descriptioin  of  tyres. 

ITotuie  of  sortaoo. 

Speed  per  hour. 

Iron. 

Solid 
rubber. 

Pneu- 
matio. 

Good  Maoadam,  hard,  \ 
diy,  and  dnsfy.  \ 

Good  Macadam,  hard,  ( 
alighUy  muddy.  } 
Oood  Haeadam,  very  wet 
Old  Macadam,  aUghtly ) 
lumpy.  t 

11  700  m.  (head  wind) 
11-700  m.  (irind  in  rear) 
19-700  m,  (head  wind) 
19700  m.  (wuidinrcur) 
11*600  m.  „ 
20  000  m. 
21-000  m.  M 

29*000  m. 

0-0272 
0  0258 
0aS44 

0-0276 
0  0274 
0  0399 
0  0456 

0-0S8S 

0-0246 
0*0228 
0-0299 
0-0262 

0-0265 
0  03.'>6 
00426 

0*0280 

00223 
0-O208 

0-0'.M8 
0-02.^ 
0*0240 
0-0318 
0-0360 

0-0226 
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APPENDIX  I. 

ON  EOLLING  NEW-MADE  EOADS. 

By  Gbhbbil  Sie  John  F.  BuBQOTini>  Babt. 

[Tlik         wiitton  in  1843,  is  ploable  now,  and  is  here  npiodDMd  htm  Utt 

fonrtii  Edinon  of  the  prannt  w«ik*J 

Thb  mpovimce  of  roUing  roads,  either  newly  oonstmctod  or  wLeii 
■atjeoted  to  eitenvre  lepeiia,  seems  neyer  to  bave  been  daly  appte* 
elated. 

LSnee  of  any  length  of  new-laid  hroiken  atone  nay  he  deemed  nearly 
impracticable  to  ordinary  traffic ;  the  wocat  and  most  biUy  old  roada 
-  axe  always  taken  in  preferenoe  to  the  new  roads  while  in  that  state, 
althoogh  the  latter  may  be  much  shorter,  and  witii  very  improved 

levels. 

At  length  tho  old  road  is  shut  np,  carriages  are  forced  to  take  the 
new,  occasi<ming  the  greatest  inoonvenienoe  and  drawback  to  tho  in> 
tercourae  for  perhaps  a  year  or  more,  a  great  wear  and  waste  of  tiie 
material,  and  a  conaidenible  expenditure  in  watching  and  maintenance, 
until  the  material,  or  what  remains  of  it,  shaU  he  finally  consolidated, 
and  even  then  in  a  very  imperfect  form,  unless  great  pains  are  taken 
with  it. 

The  roUing  is,  in  fact,  effected,  but  in  the  most  distressing  and 
expensive  manner,  and  by  carriages  and  horses  TOry  ill  adapted  to  it. 

These  evils  may  be  entirely  prevented,  the  road  put  at  once  into 
good  working  eonditton,  and,  certainly,  a  consideiable  expense  even- 
tually saved,  by  thorough  systematic  rolling ;  nor  ought  any  road  to 
be  considered  as  made  until  that  operation  shall  be  completely  effected. 

llirce  reasons  have  probably  operated  to  prevent  this  principle 
having  been  acknowledged  and  acted  upon. 
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1.  Because  the  traffic  on  the  road  will,  sooner  or  later,  do  the 
work,  thereby  apparently  reducing,  in  a  vnall  degree,  the  cost  of 
the  origmal  oonstraction  or  repair. 

2*  Because  a  idler  is  not  usoally  at  hand,  and,  from  Ha  weight 
and  nmnanageaUe  character,  it  is  most  inconyenient  and  expen- 
cive  to  W  removed  horn  coe  place  to  another,  bo  that  !n  most 
oasee  one  would  have  to  bo  constmcted  for  the  purpose,  and  then 
benaelefle. 

8.  Much  uncertainty,  as  yet,  aa  to  the  heat  manner  of  operating, 
its  efficacy,  and  the  expense. 

The  first  reason  Is  founded  completely  en  error ;  it  Is  manifest  thai 
tins  manner  of  completing  the  road  by  the  traffic  is  most  inconTenient, 
and  occasions  enormous  sacrifices  by  the  parties  using  the  road,  and 
consequently  a  great  loss  to  the  pubHc  in  general ;  nor  can  thste  be  a 
doubt  but  that  the  aetual  expendHure  m  the  mUeqtimi§«ttiifmtnntetume$ 
of  the  road  iUelf  i»  greater  than  woM  bo  ineumd  by  mt  onoo  oponUing 
thoroughly  with  the  rolUr, 

With  regard  to  the  second  reason,  there  axe  many  ways  in  which 
the  objecti<m  can  be  greatly  alleviated. 

Alfliough  there  is  some  justice  in  the  third,  and  that  tiie  most  per- 
fect mode  of  proceeding  is  not  yet  perhaps  understood,  there  is  so 
much  useful  effect  to  be  produced  by  any,  that  it  is  soiprifiing  that  it 
has  not  been  reduced  to  just  principles  by  experinient,  and  generally 
adopted. 

Hie  practice  of  rolling  has  been  rare,  and  almost  entirely  confined 
to  gentlemen's  demesnes,  and  occasionally  to  tho  macadamised  road- 
ways  in  some  cities ;  but  in  the  latter,  it  is  belieyed,  without  the  appli- 
cation of  sufficient  means  for  the  purpose. 

There  are  certain  conaideratioTis  which  may  senre  as  guides  to  airive 
at  just  conclusions  with  regard  to  this  proceeding. 

1.  A  roller  should  not  bo  too  heavy  in  proi)ortion  to  its  bearing 
surface,  or,  instead  of  binding  tho  material  in  the  position  and 
form  laid  down  and  desired,  it  will  press  it  more  or  less  into  tho 
substratum ;  much  of  the  material  will  thus  become  usel^  and 
it  will  be  very  troublesome  to  obtain  the  necessary  resistance  for 
the  consolidation. 

2.  It  must  not  "bo  too  lif^ht,  or  tho  (  ffect  will  be  too  small  ever 
to  gain  tho  object  fully ;  or  at  any  rate  without  an  extent  of 
operation  that  would  l>«^  very  eostly  or  iiioonvuiiient. 

Tt  i:^  Ix  lieved  that  the  ordinary  rollers  are  too  light,  which  may 
have  thrown  the  prdctiue  into  disrepute. 

For  the  Dublin  streets  they  liuve  a  roller  of  two  contiguous 
cylinden^  each  of  4  feet  diameter,  and  1  foot  6  inches  in  widtlv 
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inakmg  m  all  a  lieaxiiig  of  8  feet ;  it  weighs  2  tons  3  cwt ;  only 
two  liosses  are  attached  to  it,  but  the  work  is  ezceedtngLy  heavy. 
It  is  applied  to  saeoessiTe  layer*  of  materialt  in  new  f  omatioiiflp 
and  about  an  inch  of  giavel  is  worked  into  the  upper  layer  or 
aoxl^  It  is  said  to  consolidate  the  roadway  yety  effectually, 
hut  might  pcohahly  he  improred  hy  adding  to  its  weight.* 

From  other  vecotded  trials,  howerer,  there  is  reason  to  helieva^ 
that  a  road  roller  should  not  be  lighter  than  28  cwi.  for  every 
12  inches  lineal  ui  heating  on  the  road ;  that  is,  if  4  feet  wide, 
that  it  should  weigh  5  tons  12  cwt. ;  if  3  feet,  i  tims  4  cwt.,  fte. ; 
and  that  it  should  only  be  applied  to  the  upper  surface  of  alL 

A  roller  somewhat  heavier  than  28  cwt.  per  foot  would  be  more 
effective,  but  it  is  better  after  that  limit  to  gain  the  object  rather 
by  adding  to  the  number  of  times  passing  over  the  surfiMie  than 
incur  the  inccnyeniencefl  of  the  heavier  machinery. 

This  is  one  very  interesting  point  to  prove^  namely,  the  relative 
effects  of  light  and  heavy  roUeiSy  taking  into  account  the  number 
of  turns  required  by  each. 

3.  For  effect,  the  wider  a  roller  can  be,  the  better,  because  the 
operation  will  be  more  quickly  performed,  and  because,  in  pro- 
portion as  it  is  narrow,  wiU  there  be  a  tendency  to  force  the 
broken  stono  laterally  from  under  its  action  ;  but,  as  the  weight 
must  be  in  proportion  to  its  bearing  surface,  the  width  must  be 
limited  to  a  degree  that  will  prevent  that  weight  being-  too  un- 
wieldy ;  a  very  narrow  roller  might  also  have  a  tendency  to  over- 
turn. On  the  other  hand,  one  that  is  very  wide  may  take  up  toe 
much  rooni,  if  the  road  is  open  to  traffic  during  the  time  of  its  use. 

4.  Horses  should  not  be  obliged  to  use  very  great  exertions  in 
drawing  a  roller,  or  the  action  of  their  feet  will  discompose  the 
loose  stones  very  inconveniently;  therefore,  as  the  draught  is 
very  heavy  at  hrat,  and  never  very  light  up  to  the  last  of  the 
operation,  they  should  not  have  more  than  from  ten  to  twelve 
cwt.  each  to  draw  at  first,  nor  so  much  as  a  ton  each  at  last. 

5.  Tt  would  be  dcsii-iLle  not  to  put  more  than  four  horses  to 
such  a  macliiue,  because,  as  Qxq  number  of  horses  in  multiplied, 
it  becomes  more  difficult  to  obtain  a  perfectly  united  effort  from 
them ;  but  on  the  above  data  a  roller  of  four  tons  maximum  weight 
might  be  too  sni.iii  for  the  best  service,  and  as  six  horses  may  per- 
haps be  applied  without  much  inconvenience,  it  is  proposed  to  give 
that  number  as  a  limit,  and  to  allow  5  tons  12  cwt.  as  the  maximum 
weight  for  th<^  roller ;  this,  at  26  cwt.  per  foot  of  bearing,  would 
g^ve  it  a  width  oi  four  feet. 

*  A  shoit  fltveet  (Herbert  Street),  made  In  18SI^  and  then  well  milled,  bas  never 
required  repair  or  new  material  <^inre,  up  (o  1848;  tt  is  a  gOOd  stanwti  hot  BOt 
•nurelf  bf  lilt  oo,  nor  a  great  tborougiilaie. 
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From  the  Continent  we  have  records  of  several  trills  that  have  been 
made  of  late  years  of  the  effect  of  rolling  new-laid  material  on  roads ; 
although  there  are  discrepancies  in  some  of  the  particulars,  there  iro 
many  in  which  all  agree;  and  in  till  the  practice  has  been  strongly 
recommended. 

The  one  that  seems  to  be  the  mc«t  practical  is  a  roller  described  as 
first  used  in  the  Prussian  provinces  on  the  Pihmc,  and  from  thenoe 
introduced  with  some  modification  into  a  neighbouring  district  in 
France. 

It  consists  of  a  cylinder  of  cast  iron  of  about  4  feet  3^  inches  wide 
and  4  feet  3^  inches  diameter.*  On  the  axle  by  means  of  iron 
stanchions  is  fixed  a  large  wooden  case  of  6  feet  4^  inches  long,  6  feet 
8J  inches  wide,  and  1  foot  8  inches  high,  open  at  top. 

This  roller  has  a  pole  bet  ore  and  behind,  in  order  to  be  able  to  di  aw 
it  in  either  direction  without  turniiif^ ;  the  liind  pole  is  sometime  uaed 
to  assist  in  guiding  it.  It  has  ako  a  drag,  by  the  pressure  of  a  board 
on  its  face,  in  the  manner  used  for  French  waggons. 

The  cylinder  and  ctlicr  iron  work  weighs  nearly  2  tons ;  the  case 
and  woodwork  about  19  cwt.,  making  the  whole  2  tons  19  cwt. 

The  case  will  contain  a  weight  of  stone  of  2  tons  19  cwt.  when  com- 
pletely loaded;  therefore  the  entire  weight  can  be  brought  up  to 
A  tons  18  cwt. 

Six  strong  horses  worked  it  welL 

It  is  passed  over  the  entire  surface  of  the  road  once  or  twice  without 
any  loading,  weighing  ofMOflequonUy  nearly  three  tons,  to  obtain  a  first 
lettleiiieDt  ci  the  loose  maietial ;  thea  one  or  two  tnxns  with  about  1| 
tons  loading,  making  4^  tons;  and  then  the  last  tnmfl,  making  ten  in 
all»  with  the  fiill  loading,  when  it  becomes  5  tons  18  owt 

TiftTernng  12  miles,  it  will  thus  completely  roll  about  3,000  aqpmn 
yaidsf  ^  ^7t  ^  about  a  quarter  of  a  mile  ol  a  road  ol  21  feet 
width. 

AU  accounts  agrae  as  to  the  abeolute  necessity;  and  the  best  manner 
of  applying  some  gxavel,  or  other  sharp,  gritty,  yecy  fine  stuff  on  the 
surface^  duxtng  the  operation,  without  which  it  will  not  be  thttoughly 
bound. 

The  consolidation  commences  with  the  lower  pert,  which  is  the  Ibst 
to  get  ftsed  and  aixanged ;  and  when*  after  about  idz  turns  over  the 
whole,  the  upper  layers  have  become  tolerably  firm  and  well  bedded, 
some  sand  or  stone-dust,  or,  what  is  best  of  all,  sharp  gravel,  is  very 
lightly  apzinkled  over  it  by  degrees  at  every  succesnLve  rolling,  ioMif 

*  Tlicse  nnd  other  dinnensions  are  necessarily  in  odd  munbeis,  owing  to  wkabkag 
tbem  lix>ia  French  measures  and  weights. 

i  Some  of  the  calenlationa  are  not  strictly  In  accordance  with  the  data,  beean— 
the  djita  thempelves  are  not  f?iven  in  minute  fractional  parts,  and  eoneofinently 
the  reduction  of  the  resolta  vill  show  u  diiference ;  but  it  is  very  &msdl  and  of  no 
sooMiissnos  in  a  gensnisottiidsrstfoa  of  tbs  auttt^ 
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for  the  purpose  of filHn^j  up  the  intfrstices  of  the  broken  stone,  and  not 
to  cover  it ;  about  ^  cubu-  yards  in  the  whole  per  100  w^naro  yards 
(oqiml  to  about  an  inch  in  thickness  if  spread  over  the  whole  Bvirface) 
will  bo  required.  It  is  essential  that  this  small  stuff  be  not  ay) plied 
»arlier,  or  it  will  get  to  the  lower  strata,  and  not  only  bo  wasted  but 
injurious ;  the  ol>i<  ct  is  that  it  should  penetrate  for  two  or  three  inched 
only,  to  help  to  bind  the  surface. 

I'rovided  the  upper  interstices  are  filled,  the  loss  gravel  used  the 
better ;  thcreiore  it  is  applied  by  little  and  little  after  each  of  the  three 
or  four  last  successive  passages  of  the  roller,  and  then  only  over  the 
places  where  there  are  open  joints. 

After  the  wcirk,  if  well  done,  is  compltted,  it  is  stated  that  such  is 
the  effect,  tli;it  the  upper  crust  may  be  raised  in  cakes  of  six  or  seven 
iquare  ftet  at  fi  time,  which  could  never  bo  without  the  gravel. 

I'he  ofto<  t  may  be  improved  also  by  having  the  upper  inch  or  two 
of  stone  hnor  thau  the  rest,  say  to  pass  a  ring  of  1^  inch  or  1^  inch. 

This  work  should  be  done  in  wet  weather,  or  the  material  will 
require  to  be  protuseiy  watered  artificially. 

It  will  be  better  that  it  should  not  absolutely  rain,  unless  very  lightly ^ 
whm  ike  ffrawl  it  applied  (although  the  stoning  should  be  wet),  as  it 
will  cftute  it  to  adhere  to  the  roQer,  and  evea  at  times  to  bring  up  the 
broken  stone  with  it.  Jn  frost  it  is  of  no  use  attempting  to  rolL  The 
state  of  the  nutteiialt  as  legaids  its  twing  wet  or  dry,  will  fiave  great 
inttuence  in  the  sncoesi  of  the  operation. 

The  form  of  the  road  will  be  best  preserved  by  roUing  from  the  two 
sides  towards  the  middle,  and  not  commencing  along  the  latter* 

The  caleuiated  expense  of  ihe  work  in  Fnno9  was— > 

Por  six  horses  and  two  drivers  per  day     .£140  ' 

Por  SIX  in^vynrers  attending  on  the  road, 
assist  ID  t  ihe  roller,  leveUing  insqiiali* 
ties,  spreading  gravel,  &o.      •     •  ,070 

TotstfbrS/nOiqpaioyaidii  «     •  £1  11  0 

Bdng  about  one  penny  for  eight  square  yards,  or  one  penny  per 
running  yard  of  road,  twenty*f our  feet  wide,  and  wiU  amount  to  about 
£7     per  mile. 

For  Ireland,  these  prices  would  have  to  be  increased,  thus— 

For  six  horses,  with  drivers,  per  daj  .  .£170 
For  Bix.  kbourem,  at  Is.  4d.       .     .  .080 

£1  15  0 


It  is  considered  that  a  modification  would  be  desirable  in  this  foreign 
roller,  hy  making  it  only  four  feet  wide;  its  weight  might  then  be, 
with  its  box  for  the  additional  loading,  &c.,  about  2^  tons,  which  with 
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an  exiift  loading  of  2  tons  2  ewt  irould  hang  it  to  6  tons  12  for 
its  extreme  weight,  at  28  owt.  per  foot. 

Sueh  a  roller  passing  ton  timos  over  every  part^  and  working  twelve 
miles  per  day,  would  require  five  days,  and  the  operation  costs  about 
£8  15*.  per  mile  of  road,  of  twenty-four  feet  wide  completed. 

The  pfravel  ought  to  be  consldored  as  material,  but  in  this  case  it  is 
an  addition  to  what  would  otherwiae  be  applied;  the  cost  therefore 
must  be  added. 

Suppose  it  to  smonnt  to  one  shilling  per  cube  yard,  the  exprnso,  at 
thirty-six  square  yards  per  cube  yard  of  gravel  will  be  about  £19  69, 
per  mile  of  road  of  twenty-four  feet  wide. 

This  would  bring  the  whole  to  an  amount  of  £28  per  mile. 

However  perfec  t  the  rolling  may  be,  there  will  beat  the  end  a  slight 
elasticity  and  yielding  of  the  surface,  which  will  only  become  quite 
firm  and  hard  after  some  days'  traffic,  say  from  six  to  ten  when  tole- 
rably frequented,  during  which  its  form  and  smoothness  must  be  care- 
fully attended  to ;  add,  therefore,  £2  per  mile  for  that  extra  work,  and 
the  cost  will  he  £30  per  mile. 

The  expense  of  the  operation  of  the  rolk'r  (independent  of  the 
gravel)  is  so  small,  tliat  if  the  weight  is  under-estimated,  so  that  the 
width  of  the  roller  should  require  to  bo  reduced  to  three  feet,  thus 
adding  one-fourth  to  that  part  of  the  outlay,  or  that  it  would  require 
to  be  passed  a  greater  number  of  times  hkh  i;  than  calculated,  that 
increase  would  not  he  of  essential  importance  on  the  gross  amount. 

If  artificial  watering;  should  be  necessary,  that  expense  also  must  be 
added,  hut  it  would  he  suiall. 

Tin  tjubsequeut  wear  of  mateiial,  under  proper  care,  will  be  most 
trilling ;  one  French  engineer  states,  that  where  the  rolling  in  this 
manner  has  been  suecessfully  performed,  thert^  has  novt'r  been  a 
necessity  for  applying  above  one  cubic  yard  of  broken  stone  per  3()0 
square  yards  of  road  in  the  next  year ;  that  in  one  instance  only  one 
cubic  yard  per  1,'jOO  square  yards  was  used,  although  on  a  road  subject 
to  the  passatre  of  400  horses  in  liratt  per  day ;  and  on  another  road  no 
fresh  stone  was  laid  for  three  3'ears». 

To  make  a  more  direct  cumpaiison,  however,  of  expense,  it  may  be 
assumed  that  a  nuuh  greater  dimiuution  of  thickiiess  will  take  place  in 
tlie  consolidation  by  the  tratiic  than  if  cfteeted  at  once  by  the  rolling, 
because  the  nanow  wheels  of  ordinary  carriages  penetrate  into  the 
loose  matter,  and  force  the  lower  part  of  it  partiall)-  into  tlie  subsoil. 
ITie  displacement  and  grinding  and  crushing  is  also  very  great, 
whereas,  in  rolling,  the  entire  is  preserved  and  in  its  proper  place  ;  it 
may  therefore  not  be  too  much  to  estimate,  that  if  it  require  ten  inches 
of  loose  material  to  bind  into  six  inches  by  the  ordinary  process,  as  it 
probably  would,  eight  indies  well  rolled  would  give  the  same ;  if  so, 
the  saving  at  once  would  he  very  great ;  thus,  suppose  the  covering  of 

E  B 


^ed  by  dooole 


418 


one  inch  of  stono  to  cost  as  much  as  two  inches  of  gravel,  that  is,  if  iht 
gravel  is  valued  as  above,  at  1«.  per  cubic  yard,  that  the  stone  be 
valued  at  2?.,  then  we  have  four  times  the  cost  of  the  gravel,  which 
was  stated  to  be  £20  pel  mile,  or  £80,  to  set  against  the  £30,  estimated 
expense  of  rolling. 

If  the  rolling  effected  a  siiving  of  only  one  inch  of  the  broken  stono, 
still  the  cost  oi  that  one  inch  would  exceed  that  of  the  rolling,  including 
the  gravel. 

This  last  cah  ulation  is  given  only  as  ii  proof  of  the  saving,  and  not 
as  rcctiiiiinonding  the  reduction  ot  the  mass  of  material  laid  down  to  a 
minimum;  on  the  contrary,  as  the  rolling  of  the  surface  is  a  final 
measure,  and  requires  no  renewal  until  the  road  is  worn  to  a  minimum 
thickness,  the  most  economical  plan  prolKibly  would  b©  to  apply  a  con- 
siderable d(  i^T-ec  of  substance  at  onrt^  i  riuugh  to  last  some  years,  so  as 
to  reduce  the  number  of  periods  whun  rolling  would  be  necessary, 

A  roller,  on  what  is  here  assumed  to  bo  the  best  construction, 
namely,  of  4  feet  bearing  in  one  cylinder,  and  weighing  2J  tons,  would 
not  be  very  convenient  to  move  from  place  to  place  for  any  consider- 
able distances ;  an  idea  was  thertfoi  c  suggested  of  constructing  one  as 
a  cart,  on  two  wheels,  the  tires  of  which  might  be  of  9,  or  12,  or  18 
inches  in  width.  Such  a  machine  would  weigh  from  one  to  two  tons. 
The  axle  might  be  bent,  and  under  the  body,  or  might  be  straight, 
and  pass  through  it,  so  that  the  loading  of  two  or  three  tons  might  lie 
very  low.  The  distance  between  the  wheels  should  bo  a  cr  rtam  number 
of  tiiiiLs  the  width  of  the  tires ;  namely,  if  the  lattor  aro  9  inches,  tlio 
distance  asunder  might  be  3  feet,  or  3  feet  9  inches^  if  12  inches,  Lhcy 
might  be  3  or  4  it*  t ;  and  if  18  inches,  3  feet. 

Such  a  roller  might  be  very  convenient  in  many  respects,  but  would 
be  subject  to  two  objections ; 

Ist,  The  tendency  to  force  tike  material  laterally  from  under  its 
Iiressuie^  by  the  little  iridth  of  eadi  roller. 

2nd,  The  imposnHHty  by  snocesnTe  passages  of  giving  ereiy 
part  of  the  road  predaely  the  aame  amount  «f  roUing;  Bome 
parts  most  have  more  turns  than  others. 

In  Bome  few  dtiiationfl  the  very  formation  of  the  road  may  be  made 
subeervient  to  its  rolling* 

In  the  confltniction  of  a  new  road  over  the  CSarey  mountain,  in  the 
County  of  Antrim,  material  for  stoning  the  road  was  quarried  in  several 
parts  of  the  mountain  up  to  its  summit. 

Some  carts  were  made  with  wheels  of  four-inch  tires,  and  the 
laying  of  the  broken  stone  being  commenced  dose  to  flie  quany,  the 
work  was  carried  on  istm.  each  quany  down  bill,  the  loaded  carta 
being  taken  over  the  new-laid  material,  working  i^ystematicany  ovsr 
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the  on  tiro  \sndth  of  the  road,  and  discharged  below,  returning  up  the 
hiU  lig]it.  By  the  time  the  work  was  completed  the  road  had  acquired 
in  this  way  a  considerable  degree  of  consolidation  without  extra  labour. 

A  roller  of  the  weight  of  five  or  six  tons  may  be  worked  up  inclines 
of  one  in  twenty  by  incraRing  the  number  of  horses,  but  not  steeper ; 
if  at  all  exceeding  odo  in  thirty  it  would  probably  be  better  to  apply 
the  roller  in  ite  lightest  fftate,  and  increase  the  number  of  passages. 

It  is  rery  desirable  to  complete  rapidly  what  is  once  begun,  but  it  is 
attended  with  the  diaadYontage  of  taking  up  short  lengfths  at  a  time^ 
whidi  leads  to  the  occasion  for  tuning  the  roller  veiy  frequently,  a 
nanceum  that  is  paitienlarly  inconvenient 

JUthouj^  oertain  dimensions  and  weights  sie  snggosted  to  be  likely 
to  prove  the  most  efficient,  any  other  kinds  that  happen  to  be  in  pos- 
session might  be  tried  and  adapted  to  the  above  principles,  which  will 
mully  leqmre  wdght  to  be  added  with  the  soccesriTe  rollings ;  this 
may  be  done  in  various  ways  according  to  circumstances  and  situa- 
tions ;  the  most  simple,  but  most  cumbrous  and  troublesome  of  appU- 
cation,  will  be  a  large  case  on  the  roller  for  loading  with  stone. 

In  or  near  towns,  iron  weights  might  be  used  instead  of  stone,  partly 
on  or  SQq»ended  to  the  axle,  within  the  cylinder,  or  in  a  case  outside, 
whidh  might  be  then  much  smaller,  and  tiie  weight  be  more  compact 
and  more  earily  shifted ;  or  for  use  m  a  town,  when  the  most  efficient 
dimensions  and  weights  were  ascertained,  rollers  mig^t  be  prepared  of 
two  or  three  qualities^  that  is,  all  of  the  same  estent  of  hearing,  but  ol 
cylinders  of  different  weights,  from  the  lightoat  to  the  heavies^  and 
Inougbt  in  succession  <m  to  the  work. 
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APPENDIX  n. 

EXTIIAOTS  FROM    '^RepORT   ON   THE    ECONOMY   OF  HoAD- 

Maintenance  and  Hobse-Dbaet  thbouoh  Steam 
EoAD-BouiHra, .  witk  Special  Bbfebencb  to  tbb 
Metbopoijs." 

(Printiia  by  Order  ofUie  MetnpoUtan  Boaxd  «if  Works.) 
Bt  Frederick  A.  Paobt»  O.S.  1870. 

THE  SPECIAL  SUITABLENESS  OF  BOAD-BOLUNa  TO  A 

MOIST  GLDCATE. 

Tliere  ia  a  ])oint  miich  in  favour  of  an  extended  use  of  road-rolling 
in  London  and  England  gonemlly  ;  making  it  probable  that  there 
is  no  other  country  in  th(  wuiM  from  which  such  good  effects  are 
to  be  expected  from  steam  road-rulliiig.  The  climate  of  England,  from, 
its  humidity— and  tho  best  judges,  Macadam  amongst  others,  consider 
the  presence  of  moisture  as  extremely  fa\'uurable  to  road-making— 
and  its  freedom  from  cither  long  frosts  or  long  droughts,  is  peculiarly 
favourable  to  the  empIo}Tnent  of  rolling.  In  France  and  I'russia,  Iho 
rollers  are  used  by  preference  in  rainy  weather,  in  oidcr  to  save  water- 
ing, as  wet  is  essential  for  consolidating  tho  metal.  From  want  of 
experience  in  road-rolling  some  English  surveyors  object  to  the  appli- 
cation of  sandy  wliich  it  is  necessary  to  use — of  course  in  not  too  largo 
quantities— wiQi  rollmg^  in  order  to  prevent  the  enmhing  of  the  metaL  * 
Upon  the  Hfdybead  roads,  consolidated  in  the  ordinary  vay,  Telford 
always  applied  dean  gravel  to  the  new  metal ;  and  this  is  now  dime  in 
France^  Ptnssiay  and  on  all  roada  where  voad-roIUng  ia  nndarstood  and 
practised.  The  hinding  of  roUed  roada  in  Prussia  hy  means  of  the 
sandy  is  so  strong  that  nnited  hLocka  18  inches  wide  can  often  be 
removed. 

According  to  the  official  Hanoverian  "  special  insfaradaons  "  on  road- 
rolling,  when  rolling  the  covering  of  the  road,  the  binding  or  sand  is 
only  to  be  applied  by  the  time  that  abont  two-thirds  d  the  operation 
is  completed.  The  amount  of  sand  must  be  only  about  one-«xth  of 
that  of  ihe  metalling.  The  watering  should  be  very  carefully  cairied 
out,  BO  that  the  bottoming  be  softened  as  little  as  possible, 

THE  Ainn.lOATION  OF  THE  STEAM  ROLLER  TO  TUB 
FORMATION  OF  THE  FOUNDATIONS  OF  NEW  JiOADS. 

France, — Except  with  very  heavy  traffic,  or  with  a  very  soft  lub- 
ttratum  of  the  road,  the  iHgenieurt  d£B  Fant»     Chauntn  do  not  use 
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paTBily  'aiid  yeey  seldom  coiicrete»  foondations  or  liottoinlng.  They 
compreBB  the  bottom  by  roUing ;  and  then  roll  down  apoa  it  oacceasm 
layen  ol  road  matezial  aboot  four  inches  thick. 

Germafny. — When  roUing  road  bottomings,  the  Gorman  enfpineers 
do  not  tako  tho  roller  over  the  sides,  but  rather  Hp^htly  comprBBs  thck 
crown  of  tho  road  foundation.  According  to  the  ofl&cial  Hanoverian 
"  special  instructions  "  about  rolling  the  bottomings  of  roads,  this  must 
be  dono  with  a  light  roller,  and  must  not  be  carried  out  till  tho  bottom 
is  quito  hard.  No  water  must  bo  used,  and  the  operation  should  be 
carried  out  in  dry  weather,  especially  with  a  clayey  soiL 

Liverpool. — The  thirty-ton  steam  road-roUer,  by  Messrs.  Aveling 
and  Porter,  was  set  to  work  in  Liverpool  in  October,  1867.  As  we 
have  already  remarked,  Mr.  James  Newlands,  the  borough  engineer  of 
Liverpool,  has  not  yet  been  able,  in  so  shf>rt  a  time  for  such  a  pur- 
pose, to  determine  tho  fir-tnal  saving  in  maintenance  effected  by  it. 
He  writes  us,  however,  that  besides  its  advantage  in  making  a 
newly-coated  macadam  road  perfectly  smooth  in  a  single  night,  it  is 
of  no  less  utility  in  forming  the  foundations  of  new  roads.  Formerly 
the  traffic  had  to  be  f  urned  on  these  foundations  to  coriHolidate  and 
render  them  fit  to  receive  tin  j  iotectivc  coatin  g  -  (»f  pavin  g  or  macadam 
refipcctively — a  work  which  took  from  three  to  six  months,  according 
to  the  locality.  Now,  when  the  foundation  is  laid,  it  can  be  rendered 
fit  for  paving  and  macadam  in  a  day  or  two."  Tliero  are  upwards  of 
forty  miles  of  macadamised  roads  in  the  borough  of  Liverpool. 

SUBSIDL^Y  APPLICATIONS  OF  THE  STEAM  BOAD* 

EOLLEB. 

0rav$l  Motuk^-^JiA  regards  the  application  of  the  steam-roller  to 
gravel  roads^  of  which  areas  still  greater  than  those  of  granite  and 
flint  roads  are  in  existence,  bat  litUe  has  yet  been  done  except  in 
parks  in  this  directioD»  and  certainly  nothing  has  yet  been  published 
as  to  the  economical  results.  Macadam  wrotCi  some  fifty  yean  ago, 

In  the  neighbourhood  of  London^  the  roads  are  formed  of  gfayel," 
'*the  component  parts"  of  which  '*aie  round,  and  want  the  angular 
points  of  oontacty  by  which  brdcen  stone  unites,  and  fctms  a  solid 
body;"  and  large  aieas  are  still  laid  down  on  the  ontsldrts  of  the 
me^polis.  The  only  surveyor  who  has  spoken  ficom  expeneoce  aa  to 
the  economical  value  of  rolling  gravel  roads  is  Mr.  Howeill»  of  St 
Jamee*s.  But,  as  has  been  well  observed  to  us  by  Messrs.  Amies  and 
Barford,  "If  a  garden -roller  is  useful  in  a  degree,  surely  a  much 
heavier  one  must  bo  still  more  effiderit  for  light  vehicle  traffic." 

Favtd  Streets. — In  Pari%  successful,  but  partial,  experimenta  have 
been  made  with  the  steam  road-roUer  a«  a  substitute  Icr  the  pavieur^s 
laouoer. 
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llcav>'  rollers  uru  very  extensively  applied  in  Ilaaovfcr  to  pavo- 
xnentu;  anfl  the  official  Hanoverian  inatructioua  fur  keeping  up  the 
roads  contain  several  directions  as  to  the  lime  and  way  in  which  the 
rolltT  iri  to  hi}  applied.  ExptiiLixo  has  shown  that  the  rollerj  should 
he  as  heavy  us  possible;  that  they  shoukl  be  a^jpliL  J  to  any  uneven- 
neas  of  considerable  area;  that  pavementa  are  best  rolled  after  tho 
bpC'iking  up  of  fxost;  and  that  the  surfaces  should  first  be  swept,  and 
then  the  rolling  ho  continued  until  the  stones  no  more  give  way.  Herr 
Yon  Kaven,  in  hia  Lectures  on  the  Engineering  Sciences,"  gives  elabo- 
rate hguix's,  baind  on  some  experiments  conducted  in  Hanover  in  1863, 
showing  the  economy  ol  this  method  ol  lading  down  and  keeping 
paTsment  in  repair. 

It  is  clear  that  rolling  must  also  ho  peculiarly  applicaUe  to  the 
oonstvuction  of  foundations  for  paving  setts. 

Peking  up  £oad*  by  Steam.^The  steam  road-roller,  though  still  a 
oomparatiTely  new  implement,  has  thus  already  made  itself  useful  in 
a  yariety  of  ways,  and  has  adapted  itself  to  sereral  important  functions 
in  road-making  and  repairing,  besides  that  of  rolling  only.  With 
respect  to  picking  up,  or  lifting  "  the  macadam  of  old  roads,  before 
lading  down  a  fresh  coating  of  metal,  there  can  be  no  doubt  that  a 
great  economy  of  manual  labour  can  be  effected  in  this  direction.  Mr. 
AveUng's  apparatus  for  lifting*'  roads  simply  consists  of  a  series  of 
spikes  bolted  on  plates  let  into  holes  in  tho  periphery  of  the  roller.  A 
iwartliinH  on  tbis  principle^  the  invention  ol  Mr.  Browse,  the  general 
Buryeyor  of  the  Metropolis  Roads  Office^  has  long  been  used  by  Messrs. 
Mowlem,  Burt»  and  Fteeman,  for  ^king  up  roads  in  the  metropolis. 
It  amply  consists  of  a  heavily-laden  cart,  having  its  wheels  armed 
with  spikes.  At  Mandiester,  one  of  Aveling  and  P<atei^t  engines 
picked  up  an  area  of  2,048  square  yards  in  three  hours  forty  minutes ; 
and  the  cross-picking  was  afterwards  done  by  hand  labeur,  only  equal 
to  that  ol  one  man  working  sixty  hours. 

This  application  of  steam  will  no  doubt  lead  to  very  great  economies 
on  many  country  and  other  roads  that  have  been  long  wastefully 
managed.  What  Macadam  wrote  still  applies  in  many  cases.  G^ene- 
rally  the  roads  of  the  kingdom  contain  a  supply  of  material  sufficient 
for  their  use  for  sevetal  yeam^il  they  were  properly  lifted  and  applied  " 
— with  the  difference  in  favour  of  the  present  time  that  much  of  this 
metal  has  been  previously  broken.  On  any  soft,  ill-diained  founda- 
tion, successive  supplies  are  often  driven  in  by  the  superincnmbenft 
traffic,  the  intermediate  mud  working  its  way  up.  Some  road  sur- 
veyors conmder  that  many  old  roads,  oh  whieh  there  is  often  as  much 
as  two  feet  of  metal,  might  he  mended  by  the  steam-roller  without 
using  any  new  metalling.  They  could  be  picked  up  and  then  steam- 
rollefi,  -vrith  an  excellent  new  eiirface  as  a  result. 

^rfc^ing  ftnd  Convey itiji  Metalling, — It  is  obvious  that  tbs  stem 
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roar! -roller  notdd  be  easily  applied,  not  merely  to  drivinp^  stone- 
breaking  machinegi  but  also  coaYCyiog  UiQ  metoUiz^  to  the  spota 
where  xequixed. 

SUBSmiABY  ADYAKTAGES  OF  THE  8TEAH  BOAB- 

BOIXEB. 

Saving  in  Sweeping  and  Scavenger ing, — In  all  those  instances,  it  ii 
quite  clear  that  any  saving  in  road  metal  must  be  accompanied,  as  in 
the  C41SC  of  the  substitutiuu  uf  pavement  for  mncadam,  though,  of 
course,  to  a  slic^hter  extent,  b\'  a  proportionate  saving  in  the  expenses 
of  ecavengerinp:  and  removal  of  detritus. 

JJiniiiiution  tn  I'aved  Areas.—  it  is  alao  clear  that  its  well-considered 
and  properly  cairied-out  adoption  in  our  larcro  towns  niii&i  tend,  as  in 
Paris,  to  narrow  the  encroachments  of  tlie  imi  omfortable,  if  cheap, 
paving  stones.  The  main  advantage,  iii  ccitain  situations,  of  pave- 
ments is  in  the  diminution  of  cost  of  maintenance.  At  speeds  higher 
than  at  a  walk.  General  Morin's  experiments  prove  that  the  resiskince 
to  draught  on  pavements  increaiefi^  which  is  not  the  case  with  a  well- 
metalled  road  In  a  diy  state. 

K^UM£  of  the  ]\IATN  advantages  of  8T£AM 

BOAD-EOLUNG. 

Briefly,  the  three  principal  advantages  ohiained  hy  steam  road- 
rolling  oyer  horse-rolling  are,  as  ohserved  in  the  Vieotsk  Official  Beprnt 
on  the  Ezhiliits  at  the  late  Faria  EzhihitioDy  when  alluding  to  the 
Ballaison  steam-roUer,  woilBed  in  Paris  hy  Gdlerat  and  Co.,  saving 
of  expense,  saving  in  time  from  rapidity  of  esecntion»  and  a  hotter 
quality  of  work.'*  All  that  has  heen  said  with  refipect  to  the  great 
diminution  in  draught  hy  horse -rolling  a*^>plie8  with  much  greater 
force  to  rolling  by  steam.  But  even  if  steua-rollod  roads  cost  more 
instead  of  at  least  fifty  per  cent  less  in  mamtenanoe  than  traffic-rolled 
roads,  there  would  he  good  reasons  for  adopting  steam-roUing,  as  the 
public  is  well  served  under  the  first  dreumstanoe^  and  very  hadly 
served  under  the  second;  so  that,  even  if  the  expenses  were  greater, 
there  would  he  a  hslance  of  advantage  and  expense.  As  a  corre- 
spondent, *'H.  B./'  in  1868,  observed  in  a  letter  to  the  Timet :  "When 
one  oODsiders  the  injury  done  to  carriages  and  horses,  and  the  delays 
caused  hy  the  practice  of  leaving  the  stones  to  be  ground  in  hy  tho 
carriage-wheels,  one  feels  that  even  if  rolling  in  the  stones  would  he 
more  costly  to  the  parishes,  the  pecuniary  gain  to  the  public  would  he 
very  considerahle."  In  the  words  of  "Hbt,  Bohert  Mallsi,  the  well-known 
engineer  and  author,  writing  in  1866, "  there  is  still  room  for  very  great 
tanproTMMnt  in  the  laying  and  vepaixa  of  the  macadamised  streets  and 
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roodti  of  the  ]netro]>olifl,  although  the  practice  has  of  late  years  m  soma 
letpeois  improved.  The  admixable  practice  of  Paris,  where,  with  liar 
woise  material  than  is  at  our  command,  the  leaults  obtained  aie  ao 

Timrh  better,  flhould  be  in  part  our  school  and  example. 

We  have  tardily  adopted  from  thence  the  steam  road-roUer ;  let  its 
use  be  extended,  and  let  us  also  adopt  the  admirable  methods  of 
cleansing,  watering,  and  repairing  of  the  Fronch."  The  question  is, 
as  IMr.Tomkins,  tlio  surveyor  of  the  roads  in  tho  district  of  St.  Geort^^c's 
Hanover  Square,  very  in  all  y  dt  fines  it,  whether  tho  xoada  shall  be 
consolidated  by  the  traihc  or  for  the  tradio." 

ECONOMICAL  RESULTS  OF  THE  GENERAL  USE  OF 
STEAM  ROAD-ROLLING  IN  THE  METROPOLIS. 

lteiMrk$  on  the  Table. — The  annexed  table^  is  almost  sufficiently 
explanatory  of  itself.  It  has  been  made  as  complete  as  has  been 
possible ;  and  when  we  state  that,  without  counting  the  Parliamentary 
Returas,  not  fewer  than  forty-four  different  authorities  have  been 
applied  to  for  returns,  and  that  probably  each  different  authority  Iceeps 
its  books  on  a  different  plan,  some  notion  of  the  labour  undergone  in 
compiling  the  table  will  have  been  formed.  It  will  be  seen  that  the 
tliirty-ci2:!it  IVrpfropolit  m  Vestries  and  District  Boards  of  Works  apj^i-ar 
in  tlie  same  order  as  usual  in  sneli  returns;  tbe  Vestri'  H  b'  ing  sep;ir.it»HJ 
from  the  Districts.  If  it  had  been  possible,  we  shouM  liave  prcferrort 
a  different  arrangement,  based  on  other  consideratiuns.  The  great 
roads  of  London,  rni'l  \hr\v  v^\nov  feeders,  radiate  from  tbo  City  as  a 
centre,  something  like  the  thit-adH  of  a  completed  sjuder's  web.  As 
w  e  leave  the  centre,  the  main  roads  necessarily  diverge  farther  apart, 
until  lost  in  tho  surrounding  country.  If  the  metro|K>litiin  area  were 
dinded  into  small  regular  squares,  or  hexagons,  of  equal  are<is,  it 
would  be  possible,  starting  from  the  City  as  a  centre,  to  pretty  closely 
classify  portions  of  the  divisions,  now  coming  under  the  headings  of 
paiishes  and  districts,  into  four  principal  zones.  Within  a  circle  of 
about  two  miles  radius  from  Hi.  Paul's,  enclosing  an  area  of  some 
thirteen  square  miles,  wc  should  lind  that  all  the  streets  are  i>av<'(L 
Another  circle,  or  pt  ihaps  rather  an  ellipse,  with  the  Thames  from  the 
Tower  to  Somerset  House  as  its  ma  jor  axis,  \v.>uld  enclose  tho  principal 
Guernsey  granite  areas ;  farther  out  we  should  find,  still  of  course  deal- 
ing with  tho  generality  of  minor  roads,  a  zone  mainly  composed  of  flint 
roads ;  until,  at  the  I'arthest  distances  from  the  City,  and  of  coarse  in 
regions  of  lesser  traffic,  we  reached  the  outermost  zone  of  graTcl  or 
pebUe  roads.  It  ia  of  course  at  once  seen  tiiat>  as  tho  traffic  inereasea 
towards  the  centre  of  the  web,  the  roads  have  to  be  made  stronger  aad 

*  The  table  here  ratered  to  Is  gifcn  In  alMlMOi  at  page  152,  «iil«.—Il.K.O. 
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fitronger,  uf^  «  oentfO  ifl  readied  entirely  paved  with  the  haxdeit 

granite. 

We  mutt  note  that  t&e  tenn  **macaclainiied"  is  by 'some  London 
Btureyors  atrictly  oonfined  to  a  road  laid  with  granite ;  by  others  it  is 
extended  to  flint  roads,  which  again  are»  hy  some  snrveyors,  put  under 
the  category  of  gravel  roads.  We  have  tried  in  tho  taUe  to  separate 
as  much  as  poeathle  the  granite  from  tho  flint  and  gravel  roads. 

It  will  be  ohsorved  how  tho  averago  width  of  the  streets  and  roads 
increases  in  tho  wealthier  parishes,  and  gradually  diminishes  in  the 
poorer  and  older  ones.  In  8t.  James's^  Westminster,  and  Batterseat 
tho  roads  are,  on  the  average,  60  feet  wide ;  in  Islington  we  have 
3Ui  average  widUi  of  46  feet ;  in  St.  George'i^  Hanover  Square^  40  feet; 
and  in  St.  George's  in  the.East  only  18  feet 

The  Pretmi  Bxtent  of  the  Boads  in  the  MetropoKe. — VLr.  G^rge  Yol* 
liamy,  architect  of  the  Metropolitan  Board  of  Works,  in  his  Memo- 
tandnm  as  to  the  Means  of  providing  Fire-plugs  in  the  Metropolis,** 
assumes  the  length  of  streets  in  liOndon  at  from  2,000  to  2,500  miles. 
This  rough  estimate  includes  the  paved  roads,  Our  table,  based  on 
tiiirty«six  different  returns,  from  as  many  parish  and  district  surveyorSi 
gives  more  than  1,100  miles  of  macadamised  roads  in  the  metropolitan 
limits,  with  an  estimated  total  area  of  nceirly  twcnty-thrco  millions  of 
square  yards.  These  totals  are  really  far  below,  rather  than  over,  the 
mark,  as  they  do  not  take  into  account  the  areas  of  private  roads,  of 
wliich  there  exist  a  great  number,  especially  at  tho  outskirts,  such  as 
towards  B^ltters(>a,  Lcsvisham,  Islin^^ton,  Hackney,  and  other  districts. 
Besides,  in  the  few  easee,  such  as  ]\Iarylel)ono  and  others,  in  which 
incomplete  retiirnK  of  lengths  or  areas  could  be  obtained,  tho  figures 
given  have  been  estimated  low. 

These  totals  also  ox  dude  the  gravol  footpaths,  the  areas  of  which  axe 
very  considerable  iu  many  parishes. 

Tlie  public  and  private  parks  arc  also  not  included.  In  the  fonncr, 
Ilydu  and  St.  James  s  Tarks  alone  contain  eight  miles  of  roadway 
under  Government  supervision.  With  Regent's  Park,  B atterseu, 
Victoria  and  the  other  Parks,  at  tho  very  least  thirty  miles  of  roads 
could  be  added. 

It  will  be  <»bserved  on  looking  at  any  map,  tliai  tlie  mctrnpolitun 
area  of  parisliet*  lias  p^rown  into  the  shnpe  of  a  hn^'c  hmu  li  of  grapes 
from  the  Tliames  as  the  stalk  of  tlio  whole  buncli.  Bi  tween  tho 
friiif;*  8  of  its  irrrgular  contour  are  grfat  areas  of  inhalnted  country, 
often  as  much  covered  with  roads  as  the  adjacent  metropolitan  parishes 
proper.  There  are  thus  immenso  areas  of  roads  on  the  outskirts.  For 
ijistanrc,  Mr.  Browse,  Burveyoi-  of  tho  Metropolis  Roads  Office,  has 
not  lesa  than  seventy  niilcs  of  macadamised  turnpike  roads,  beyond  the 
metropolitan  area,  liul  blill  ui  Middlesi-x.  These  s(!vent  y  TJiiics  have 
an  average  widtli  uf  40  foot,  without  rcckouiug  the  footpaths. 
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Thus,  taking  tho  districts  of  Plumstead  and  LuAvisham,  the  farthest 
from  the  centre  of  Loudon,  as  giviiifj  a  measure,  in  the  ratio  of  the 
iirta  ot  their  roads  to  acreage,  of  the  proportion  of  roads  on  the  out- 
lildrts,  we  should  find  that,  within  a  radius  of  only  twdvo  miles  from 
Lharing  Cross,  there  are  at  least  forty  millions  of  square  miles  of 
macadumisod  roads. 

T/ie  Futun  Extent  of  the  Boudt  of  th§  MetropoUu-^JiA  might  aataially 
\»  expected,  ccmaidorable  areas  of  xoads  ore  being  laid  down  eT^ 
yuar  in  the  metropolis,  and  eapedally  in  the  outlying  metropolitan 
dintricts.  In  many  districta,  such  as,  lor  instance,  Wandswovth*  at 
least  two  or  three  miles  are  laid  down  annually. 

The  total  population  of  1861  was  three  times  that  of  1801,  having 
trebled  itself  in  sixty  years.  From  the  figures  giving  the  population 
of  London  at  the  end  of  every  decade  since  1801,  it  can  bo  seen  that, 
since  the  beginning  of  the  present  century,  the  metropolitan  popula- 
ticm  has  douUed  itself  in  about  forty  years.  In  fact,  the  Begistnur* 
Qeneral  estimates  that  the  metropolitan  population,  which  in  1866  was 
moie  than  8,000,000,  will,  at  the  present  rate  of  increase^  in  forty  years 
be  doubled,  or  will  rise  to  6,000,000.  Should  the  population  double 
itself  in  the  next  forty  years,  the  mean  annual  rate  of  increase,  calcn- 
lating  from  1865,  during  that  period,  will  be  about  7M00.  After 
making  every  allowance  for  the  tendency  to  build  houses  mu>h 
higher  than  was  formerly  the  onstom,"  and  without  taking  into  account 
the  opposing  and  corrective  tendency  to  lay  out  wider  streets  than 
formerly,  Mr.  Haywood  estimates  that  "  at  the  expiration  of  thirty- 
nine  years  hence,  perhaps  forty  or  fifty  square  miles  of  open  country 
will  be  covered,  more  or  less  closely,  with  houses,  for  the  additionid 
three  millions  of  inhabitants  which  will  then  exist  But,*'  he  goes  on 
to  say,  there  are  other  causes  which  have  arisen  of  late  years  tending 
largely  to  disperse  and  radiate  that  part  of  the  existing  population 
which  is  above  the  operative  classes,  the  principal  agency  being  the 
facilities  for  transit  offered  by  railways.  The  tendency  of  that  class, 
undoubtedly,  is  to  seek  cheaper  residcmoes  and  a  purer  atmosphere^  and 
consequently  to  encroach  still  further  upon  the  open  area  surrounding 
the  metropolis,  so  that  probably  sixty  square  miles  of  open  country,  if 
not  a  considerahly  larger  area,  will  be  covered  and  occupied  by  the 
time  the  population  reaches  six  millions.^'  This  would  give  an  area 
one-half  more  than  at  present. 

The  minimum  Ayuiual  Savivg  to  London  Jintepayers  derivable  from  the 
use  of  Sfeam  Boad-roUing, — After  taking  the  most  minute  precautions 
against  error,  we  feel  some  confidence  tlirit  our  fijjurcs  of  economy 
through  rond-rolling  are  mnrli  b*^low  thn  mark.  AVe  see  by  the  talkie 
that  thore  are  at  least  1,126  miles  of  macadamised  road  in  the  thirty- 
nino  metropolitan  parinlif  3  and  districts,  and  that  their  total  area  is  at 
leost  21,^62,606  square  yards.   Q|  cquxsq,  the  true  measure  of  the 
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wark  to  be  done  would  be  a  figure  giving  the  exact  cubic  contents  of 
exactly  the  same  kind  of  metalling  consumed  in  a  given  period  of  time 
over  the  given  area.  It  is  impossible  to  obtain  this,  though  wc  know 
that  the  surfaces  of  many  London  roads  have  to  be  renewed  several 
times  a  year.  Wo  tind,  however,  as  can  be  seen  in  the  table,  that 
there  were  expended  on  the  roads  and  streets  in  the  London  parishes 
and  districts  during  the  year  18()f;-7  £714,662;  and  during  18r>7-8, 
£781,003.  From  a  number  of  returns  forwarded  to  us  by  diflfercnt 
London  surveyors,  we  estimate  that  the  average  annual  cost  of  main- 
tenauce,  exclusive  of  cleansing  and  watering,  of  the  London  maca- 
damised roads,  is  £280,750,  or  at  the  rate  of.  in  round  figures,  £250 
per  mile. 

"We  have  seen,  from  not  less  than  8<'Von  estimates,  that  the  savmg  in 
maintenance  through  horse  road-rolling  caa  be  estimated  at  40  per 
cent.,  and  that  the  French,  after  neaily  ten  years'  experience  in  Paris, 
consider  that  they  savo  50  per  cent,  in  maintenance  over  and  above 
hoi-se-roUing.  Therefore,  even  if  we  assume  that  only  50  per  cent,  is 
saved  by  steam  rolling,  rro  have  a  gam  of  more  than  £140,000  per 
annum,  without  reckoning  the  diminution  of  scavengeiing  and  water- 
ing, and  many  other  sources  of  economy. 

It  will  be  observed  that  tins  sum  is  less  than  one -fifth  of  the  grand 
total  of  that  spent  in  1867-8  on  all  the  charges  for  the  London  roads ; 
and  that,  capitalised  at  three  per  cent.,  it  represents  more  than  four 
and  a  haU  minioos. 

The  Claeseh  directly  intereeted  in  the  Applieation  of  Steam  Road-roUing. 
— Aa  erery  one  uses  roads,  and  is  directly  or  indirectly  a  ratepayer, 
every  one  may  be  said  to  be  more  or  less  interested.  This  of  course 
applies  more  directly  to  every  owner  of  a  horse,  for  the  reasons  we 
have  already  given  at  lengUi,  onder  the  heading  of  saving  in  draught ; 
\mi  still  to  every  user  whatsoever  of  the  road.  As  a  London  local  paper, 
the  "Parochial  Critic,"  observes,  "an  uncovered  part  is  seised  upon 
by  every  humane  driver,  and  quite  a  contest  takes  place  for  possession 
of  the  smooth  portion.  When  all  is  covered  by  loose  sharp  stones  the 
drivers  and  horses  yield  themselves  to  their  fate,  and  drag  through  the 
punishment  as  best  they  can.  A  return  of  the  number  and  character 
of  accidents  occasioned  by  the  present  system  of  rood-making  for  the 
last  seven  years  would  sutpriso  the  ratepayers.*' 

As  usual  in  such  cases,  although  the  oomplatnta  of  the  wealthy  are 
heard  more  loudly,  the  poor  probably  sufifer  moGt.  It  is  said  that,  in 
some  parishes,  the  habit  is  to  lay  down  the  loose  stones  in  October, 
and  to  leave  them  to  be  consolidated  by  the  passing  traffic  before  the 
rich  inhabitants  return  to  town  in  February.  The  work  of  rolling  is 
thus  thrown  on  draught- carta,  the  vehicles  of  the  poorer  olasses,  and 
v^eoally  the  gmnibna— the  poor  man's  own  cooreyaQceb.  Thedimi- 
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nutJon  in  the  work  of  traction  produced  by  road-rolling  cerfaunly 
ou^t  to  direct  the  aU(  niion  of  the  omnibiiB  companies,  now  Bernng  a 
paesenger  traffic  in  which  they  have  to  compete  with  the  metropolitan 
railways,  and  soon  with  the  tramways— the  proprietors  of  railway 
vans,  such  aa  those  of  Messrs.  Pickford  and  Chaplin  and  Ilornc,  and 
of  the  railway  coal-carts— to  this  mode  of  saving  wear  and  tear  of 
horseflesh  and  vehicles.  Any  road  whatever  in  neither  more  nor  lem 
than  an  apparatus  for  saving  ikaught ;  and  tlio  only  advantage  of  a 
railroad  is  that  it  has  so  much  less  draught  on  its  rails  that  it  econo- 
mises tho  work  of  traction.  The  roads  of  a  city  are  in  fao^  tiic  per- 
manent way  and  hxed  plant  of  its  means  of  locomotion. 

The  Amount  of  Capital  invested  in  Morses  and  Vehicles  in  the  Metn.poHs. 
— In  order  to  ohtain  some  f  tirther  measure  of  tho  extent  of  the  classes 
directly  interested  in  tho  application  of  steam  road-rolling,  we  will 
form  an  estimate  of  what  an  engineer  would  term  the  rolling-stock  of 
tho  London  roads.  According  to  recent  fiscal  arrangeraentfl,  all  horses 
whatsoever  are  taxed,  and  also  all  vehicles,  with  the  solo  ej^ception  of 
trade  carts  for  burthens,  on  which  arc  painted  the  name  and  address 
of  tho  proprietor.  This  gives  an  easy  hk  ans  of  getting  at  the  nuinber 
of  horses  and,  approximately,  tho  numln  r  of  vehicles.  The  Honour- 
able Commissioners  of  Inland  Kevenuo  have  obligingly  furnished  us 
with  figures,  giving  tho  number  of  horses,  and  of  taxed  vehicles, 
within  a  circle  of  a  radius  of  4 J  miles  from  Charing  Cross,  and  hence 
covering  tlie  greater  part  of  the  metropolitan  area.  There  a^o  ihuB 
71,90u  liorhos  in  all,  and  24,09.3  taxed  carriages,  within  this  space. 

On  account  of  tho  imtaxed  trade  ciirts,  wo  may  safely  raise  the 
number  of  vehicles  to  30,000.  In  the  absence  of  any  exact  data,  there 
may  probably  be  different  opinions  as  to  tliu  relative  numbers  of  the 
difTorent  kinds  ;  but  the  following  rougli  estimate  will  not  be  very  far 
from  exactitude,  especially  as  wc  have  verified  the  numbers  we  have 
estimated  for  tho  cabs  and  omnibuses  by  inquiry  at  Scotland  Yard. 
Of  light  carts,  vans,  gigs,  phaetons,  16,000,  which,  at  the  price  of  £30 
each,  would  give  a  sum  of  £450,000 ;  cabs,  7,000  at  £36  each,  give 
£245,000 ;  omnibuses,  2,000  at  £60,  £160,000 ;  heavy  carts  and  wag- 
gonB,  3,500  at  £60  each,  £17J,000;  carriages,  broughams,  &c.,  2,500 
at  £120  each,  £300,000*  This  would  afford  a  total  of  £1|200,000 
invested  in  yehideB ;  and  luuncfls  may  he  QstiniAted  at  4%000  setB^  at 
the  rate  of  £4  each,  or  £160,000.  The  depredation  of  tUs  capital » 
vevy  heavy,  as  experts  estimate  that  yehidee,  the  fiiet  pufices  of  vhicli 
axe  £20  to  £150,  cost  from  £4  to  £15  per  anniun  in  lepaiia;  and  the 
wear  and  tear  of  hazness  is  always  very  considenUe. 

Each  of  the  15,000  light  cart,  gig,  phaeton,  or  van  horses  we  wHl 
take  to  requiie  one  horae^  of  the  yaloe  of  £20^  or  a  total  yalne  of 
£300»000.  Eaohof  the  £7*000  harder  worked  cahs  would  reqm  two 
horrai^  as  a  hcsae  mnsi  he  in  stable  al  least  three  dayt  a  week;  hnl 
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tlunr  ftTerago  value  can  only  be  taken  aa  £15,  or  a  total  of  £225,000. 
Ab  few  omnibus  honeo  do  mofO  than  one  Jonniey  a  day,  and  even  then 
often  rert  one  or  two  days  a  week,  we  probably  havo  30,000  boraes  to 
tbo  2,000  omnflmaes ;  and  being  of  a  somewhat  superior  kind,  they 
must  be  estimated  at  the  rate  of  £30  each,  or  a  total  of  £900,000. 
Heavy  eaxt  or  waggon  horsey  7,000  at  £60  each,  and  two  per  cart,  will 
give  £420,000 ;  and  carriage  and  brougham  horses,  two  per  rehide, 
5,000  at  £100  each,  will  employ  the  sum  of  £500,000.  On  account  of 
their  inoonsidorable  number,  especially  in  the  centre  of  London— for 
we  are  only  considering  the  area  within  a  radius  of  4^  miles  from 
Charing  Gross— we  have  left  out  the  riding-horses.  Tfao  total  capital 
thus  invested  in  horse-flesh  we  may  estimate  at  £2,345,000;  and, 
adding  to  this  £1,200,000  for  vefaicks,  and  £160,000  for  harness^  we 
have  a  total  of  £3,735,000,  or  of  nearly  four  millions  of  pounds  sterling, 
invested  in  the  rolling-stock  of  the  metr^Kilitan  highways* 

THE  HISTORY  OF  HORSE  ROAD-ROLLINO. 

The  first  recorded  allusion  to  road-roUing  seems  to  have  been  made 
in  the  kttera  patent  granted  in  1619  to  a  certain  John  Shotbolte,  who^ 
without  enrolling  any  specification,  speaks  of  using  <<land  steames, 
soowrera,  trondlera,  and  other  strong  and  massy  engines,*'  "in  the 
making  and  repairing  of  highways  and  roads."  In  Partington's 
*«  British  Oyolop»dia  of  the  Artsand  Sciences"  (1886)  we  find  it  stated 
that  it  was  soon  after  the  year  1700  that  a  part  of  the  diarge  of 
repairing  roads  was  taken  off  the  parishes  and  levied  on  the 
traveller  by  means  of  tumpike-gates.  It  was^  neverthelesfl^  a  com* 
plaint  that  the  roads  were  little^  if  at  all,  improved  by  the  expenditure 
of  the  money  so  raised.  This  complaint  is  eneigetically  advanced  in 
**a  dissertation  conceming  the  present  state  of  the  hi£^-roads  of 
England,  especially  of  that  near  London,  wherein  is  proposed  a  new 
method  of  repairing  and  maintaining  them,"  read  before  the  Koyal 
Society  in  the  winter  of  173G-7  by  Robert  Phillips,  and  printed  in  a 
small  sepaxate  volume.  "  The  author's  great  objr-ct  is  to  rccommem 
washing  the  roads  by  a  constant  stream,  if  possible;"  at  any  rate, 
washing  the  materials — in  which  ho  partly  anticipates  Iklacadani—  of 
which  they  arc  composed.  Phillips  strongly  remonstrates  against  the 
practice  of  laying  down  largo  licaps  of  unprepared  gravel  to  ho 
gradually  consolidated  into  a  liardi  r  mass,  at  tlio  expense  of  the 
intolemble  labour  of  the  poor  animnls  tliat  are  obliged  to  grind  it 
down."  His  complaint  has  been  ro-erlnn  J  in  London  for  more  than 
one  hundred  and  thii-ty  years,  but  witli  little  practical  results. 

The  lirat  pnnHKSul  of  a  road-roller,  on  a  sound  and  scientific  basis, 
was  made  by  a  French  Koyal  Engineer  of  Koads ;  and  already,  in 
)7b7,  M.  de  Cesavty  then  Itiaj^cteur  Gvncral  (ie$  PbnU  et  ChuuiUd, 
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fecomTTipndf  d  a  rnst-iron  rfllor  for  rolling'  (lo^\'n  nrwly  mrtiillcd  roadd. 
Ilo  chose  it  8  feet  lon.2:,  3  *  ^  in  diameter,  and  of  a  woiirht  of  7,000  old 
Freneh  i)ounds.  Vury  Bouudly  he  compared  its  action  on  broken  stono 
roads  to  that  of  a  pavior's  "hammer  on  pRving  stonee,  and  altop:ether 
his  description  is  what  might  be  expected  froTn  a  scientific  engineor. 
The  A ssemh tee  des  Pmifs  el  Chaussves  strongly  advised  a  careful  trial; 
but  the  disturbed  political  btate  of  France,  then  in  the  throes  of  hur  tirst 
Revolution,  (  vidently  had  the  effect  of  preventing  the  continuation  of 
the  experiment.  De  Cessart's  description  is  republished  in  the  volume 
for  1844  of  jinnaha  des  PonU  et  Chaussvea.  Philip  Hutchinson  Clay 
patented  and  specified  in  England,  in  1817,  "  a  large  roller  which,  with 
the  c<'UTiago  over  it,  empty  or  filled  with  gravel  or  othf  r  niatf  rial,  Tiiay 
be  made  to  press  upon  the  road  any  weight  irom  6  tons  to  20  tona,  and 
by  being  used  frequently,  will  press  the  moisture  to  the  surface,  and 
admit  the  sun  and  rain  to  act  upon  it,  at  the  same  time  pressing  down 
the  loose  material  and  making  the  road  more  even."  lliat  Clay  under- 
stood the  subject  is  evident  from  his  using  **  a  gravel  cart,"  "  fixed 
upon  a  roller,  to  carry  gravel  or  other  material  used  in  the  repairs  of 
roads,  and  deposit  it  where  necessary,  the  great  advantage  being  that 
It  improves  the  zoada  it  pasBes  otw,  and  ivill  be  particularly  useful  in 
diflfcrictB  where  material  it  scarce,  whereas  tlie  presoit  mode  of  carrying 
it  in  carts  with  narrow  wheels  destroys  the  road  it  passes  OTer."  This 
plan  was  afterwards  carried  ont  in  Ireland  by  Sir  John  Burgoj'ne. 
John  Biddle  patented,  in  1825,  *'a  combination  of  machinery  for 
making,  repairing,  and  deanaing  roads,  consisting  of  scrapers  com* 
bined  with  rollers."  The  road-roller  thus  seems  to  haye  been  used  by 
several  English  inventors ;  and  it  is  acknowledged  by  the  Freneh  that 
a  sight  of  some  at  work  in  London  revived  the  attention  of  Continental 
ttigineers  to  their  nse.  Aroad-roUer  was  tried  as  lur  back  as  1826  on 
the  road  neor  GSttmgen  from  Hanover  to  Oaaael ;  but  tiie  experiments 
did  not  succeed  at  the  time^  and  it  was  only  between  18*^7  and  1840 
that  Heir  E.  Bokelberg,  now  Wegbawraih  (Uterally  Boad-making 
Councillor*'),  practically  introduced  the  process  into  Hanover.  The 
first  roller  adopted  in  actual  practice  in  France  appears  to  have  been 
one  by  M.  Polonceau,  the  celebrated  builder  of  the  Carrousel  Iiridge, 
in  1829.  This  roller  is  said  to  have  been  built  up  of  wooden  lagging 
tied  togvtiier  with  iron  hoops,  and  weighted  w^ith  stones,  being,  as  to 
construction,  long  behind  that  of  Pe  C€K:>art.  Wooden  rollers,  filled 
with  stones,  sand,  or  elay,  were  in  use  in  France,  about  thirty  years 
ago,  in  the  department  of  the  Marnc  ct  Loire ;  and  one  of  this  kind 
is  illustrated  in  a  volume  for  1840  of  ihe^«fta^  des  Pouts  et  C/Mttssees. 
BjU^madeof  solid  stone  and  granite  were  also  used  at  the  beginning. 
Some  French  writers  state  that  the  horse-roller  was  first  re- introduced 
trom  England  into  France,  in  1833,  by  M.  Fortin.  Dr.  Riililmann,  of 
Qanover,  unknown  to  ourselvesy  arrived  some  yean  ago  at  the  same 
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Conclusion  tliat  road- tollers  first  began  to  appear  in  actual  practice  in 
1830,  or  thereabouts;  and  that  they  were  introduced  into  Hanover  in 
1837|  or  after  their  appearance  in  France.  As  we  know,  the  Hano- 
Tomn  admiiufltration  of  the  roads  has  fhe  xeputatiofn  ol  being  the  yerj 
beat  in  all  Germany.  Hie  year  1830  is  about  the  date  given  by  Mr. 
Yignolefl  as  that  ol  the  general  and  official  adoption  by  the  ]EVench  of 
Macadam's  system  of  roads,  of  which  they  at  once  perceived  that 
rolling  is  the  indispensable  concomitant,  lliey  hold  that  an  unrolled 
wMiAftiittmSaiMi  load  is  only  half  finished;  and  the  centralization  of  the 
Frendi»  Hanoverian^  and  Prussian  administrations  of  the  roads  has 
facilitated  the  univmd  combination  of  tdlUng  with  the  system  of 
macadamisation.  In  1837f  'Mr,  (now  Sir  John)  Macneil  patented  the 
use  of  a  kind  of  road  consisting  of  pieces  of  cast  or  wrought  iron 
mixed  with  broken  stone  and  graveL  It  was  to  be  consolidated  by 
hoxse-rolUng  in  preference  to  wheel  traffic.   That,  however^  road- 
loiUing  was  not  much  known  in  England  by  1838,  appears  from  an 
examination  of  Sir  Henry  Pamell's  celebrated  work  on  roads,  the 
second  edition  of  which  was  puUiahed  in  that  year.    Tho  Bight 
Honourable  &t  Henry  Flamell,  Bart,  was  constituted  the  (Government 
CommisBioner  of  the  Holyhead  roads,  laid  out  by  Telford;  and  the 
plans^  specifications,  and  contracts  drawn  by  Telford  are  printed  in  the 
body  of  the  work.  No  mention  is  made  of  road-roUIng— as  little  as  by 
Macadam  himself,  in  the  sixth  edition  of  his  work,  published  in  1822. 
It  is  well  known  that  Sir  J<dm  Loudon  Macadam  rather  directed  his 
attention  to  the  construction  of  new  roads  and  to  restoring  bad  ones 
than  to  the  maintenance  proper  of  good  roads.  Some  of  his  principles 
ore  no  doubt  applicable  to  maintenance  as  well  as  to  making  and 
repairing,  but  there  is  a  good  distance  from  that  to  a  complete  method. 
The  first  recommendation  in  the  English  language  of  horse  road- 
rollin^r,  as  a  measure  of  rcnnomy,  "was  published  by  Colonel  (now 
Field-Marshal)  Sir  John  F.  Burgoyne,  K.E.,  in  1843,  when  Chairman 
of  the  Board  of  Works  in  Ireland.   He  was  one  of  the  first  engineers 
who  used  it  in  their  own  work,  and  certainly  the  first  in  England  to 
scientifically  recommend  it,  not  as  a  refinement,  but  as  a  necessity. 
Before  1S40,  as  appears  from  the  Verhandlurigen  det  Fereins  zur  Befor* 
derwif  dcs  Gcwe%'bjleisne»  ia  Freunnen^  road*rolling  was  officially  and 
universally  introduced  upon  the  Prussian  roads.    There  can  be  little 
doubt  that  sooner  or  later  all  the  rest  of  Europe  will  imitate  JEYussia 
in  this,  the  only  logical  and  truly  economical  mode  of  road  mainte- 
nance, just  as  the  Prussian  authorities  are  being  tardily  copied  in 
their  first  use  of  breechloaders,  in  their  army  administration,  com- 
pulsory education,  preliminary'  examination  of  patents  for  inventions, 
the  stringent  management  of  their  civil  services,  and  other  matters. 

A  great  numhcr  of  different  conslrui  lions  of  horse-rollers  are  in  xisq, 
designed  with  regard  to  facility  in  turning  at  the  ends,  facility  for 
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increasing  or  diniiTiisliing  Uio  load  tm  llio  roiltjr,  and  easo  of  draught. 
Tlio  most  elegant  of  these  ountriv  im  i  s  is  the  roller  ballasted  with 
water;  obviously  affording  a  wiy  viLiy  means  for  lightening  or 
inercaaing  tho  load.  It  ia  generally  believed  in  England  to  bo  a  homo 
invention,  though  really  first  applied  and  described  in  1853,  by  a 
Uoverument  Engineer,  G.  Nell,  employed  in  Pruflsian  Silesia. 

TfliB  HISTORY  OF  STWiU  ROAD-ROLLING. 

In  the  presence  of  the  settled  employment  in  France  of  horse-rollers, 
it  was  natural  to  expect  that  French  inyentive  talent  should  first  seek 
for  tlie  usual  suMitutimi,  in  an  implement  In  much  lequisition,  of 
■team  te  lioneB.  Tb»  .limitatioii  of  the  anas  payed  with  **  aetta  "  in 
Paris  and  other  large  cities,  said  to  be  ordered  by  Napoleon  III.  as  a 
timely  precaution  against  street  banicades,  has  also  greatly  f  ayoured 
the  employment  of  the  steam-roUeir  by  raising  the  denumd  for  a  ycry 
high  and  durable  class  ol  macadam,  espedally  for  tho  centres  of 
Pszisian  traffic  The  main  impulse  towards  tiie  use  of  the  steam* 
roller  in  France  was,  howeyer,  the  extraordinaxy  economy  in  main- 
tenance found  to  be  detiyed  from  horse^  and  d  fortiori  to  bo  expected 
from  steam,  road-roUing.  The  saying  to  the  pubUo  in  wear  and  tear 
of  horse-fledi,  yehicles,  and  harness,  howeyer  great,  could  scarcely  haye 
so  much  stimulated  the  road  authorities.  Tho  publication  more  than 
a  quarter  of  a  century  ago  of  these  economical  xesoltB  cl  horse-roUiDg 
has  had  little  or  no  effect  on  imr  road  management ;  the  yet  greater 
advantages  obtained  in  France  from  steam  road-rolling  may,  howeyer^ 
possibly  do  more. 

The  first  patent  for  a  steam  road-roller  was  taken  out  in  France,  at 
the  beginning  of  1859,  by  M.  liouis  Lemoine,  of  Bordeaux.  His  roller 
was  not  patented  in  England,  nor  ever  fiUly  describe  d  in  any  publica- 
tion. At  the  meeting  on  the  13th  of  February,  1 86 1 ,  of  the  SocUte  cT En^ 
souragementy  the  well-known  engineer,  M.  Combes,  is  recorded  to  have 
described — though  his  description  is  not  giyen  in  the  Bulletin  of  the 
Society — Lemoine's  roller,  which  he  hud  seen  at  work  on  the  Bordeaux 
roads.  M.  Lemoine  was  then  an  employe  of  the  Bordeaux  municipality. 
This  steam-roller  appears  to  haye  consisted  of  one  main  roller  for 
doing  the  work ;  the  engine,  weighing  in  all  only  about  ten  tons,  being 
steered  by  a  pair  of  side  wheels,  the  axles  of  which,  by  means  of  gear- 
ing, could  be  set  at  varying  angles  to  the  main  roller.  In  1860  M. 
Lemoine*s  roller  was  tried  on  tlie  road  of  the  Bois  (le  Boulogne.  Ballai- 
Bon's  steam-roller,  patented  in  France  in  August,  18G0,  and  now  in  use 
by  Gellerat  and  Co.,  tlie  I\aris  Stonm  Road-rolling  (  'oiupany,  was  also 
there  tried  in  August  o£  tht'  followmL'-  year.  In  1862  experiments 
were  carried  out  with  both  thcsi'  stt  ain-njlh  is  by  the  French  engineers 
of  tho  State,  M.M.  Darcel  and  I«abry,  who  gave  an  account  ol  them  in 


Digitized  by  Lit.jv.'vi'^ 


AFFEMDICES. 


433 


an  unpublished  report  of  May  of  that  year.  They  expressed  strong 
opinions  in  favour  of  steam-rolling  in  general,  giving  the  preference 
to  the  Ballaison  roller.  An  extract  from  this  report  was  printed  in 
l\r.  llomberg's  Nohce  &ur  Ls  loics  nnpierrees  et  asphalt ces  de  Paris  (1865). 
They  observe  that  the  only  possible  apparent  objection  to  sicara-roliera 
is  their  frightening  the  horses.  We  understand  from  M.  Lemoine  that 
Buice  these  trials  he  has  made  several  .different  forms  of  rollers,  now  at 
work  in  Bordeaux  and  its  enirironB.  By  this  time  the  system  has  , 
fiimly  estabUihed  iUelf  in  Pans  and  elsewhere  in  France  hy  a  success  * 
extending  over  moie  than  seven  years. 

The  results  obtained  in  Paris  during  the  couple  of  years  after  1861 
attracted  Utde  or  no  attentiixL  In  England.  The  main  reason  for  this 
is  to  he  found  in  the  slight  importance  attached  by  most  of  our  road 
authorities  to  rolling.  It  is  not  regarded  as  a  necessity  but  as  a 
luxury,  duite  independently  of  the  IVench  inventors^  Mr.  W.  Clark, 
diief  engineer  to  the  municipality  of  GUcutta,  in  1863  conceived  the 
idea  of  a  self-propelling  steam  road*roUing  engine,  with  its  weight 
uniformly  distributed  over  the  whole  width  of  tiie  r<^en.  The 
different  English  tracticii  engine-makeis  to  whom  Mr.  CSlark  applied 
were  unwilling  to  make  designs  and  pattern^  for  a  single  implement; 
and  at  last  Mr.  CSlark  having  consulted  Mr.  W.  F.  Batho>  of  Birming- 
ham, the  engineering  manager  of  Mr.  Jbsiah  Blason's  vast  under- 
takings, and  well  known  in  tiie  profbasion  for  his  original  constructive 
talent^  an  engine  on  Mr.  BaHio^s  designs  was  made  by  ISx*  Worsdell  of 
that  town  and  sent  out  to  Calcutta,  where  it  has  done  good  service. 
This  design,  patented  in  1863  by  Messis.  Clark  and  Batho,  was  there- 
fore that  of  the  first  steam  road-roller  ever  tried  or  patented  in  Qieai 
Britain.  The  chief  features  of  dark  and  Bathe's  patent  are  the  use  of 
three  sets  of  rollers,  two  in  front  acting  as  drivers,  while  the  third  is 
sot  up  in  a  turn-table,  being  adjustable  so  as  to  eteer  the  engine,  at 
the  same  time  overlapping  the  space  between  the  two  outside  drivers. 
At  about  this  time  Mr.  Batho  went  to  much  trouble  in  trying  to  pre- 
vail upon  the  road  authorities  of  many  of  the  larger  towns  to  adopt 
steam-rolling,  but  without  the  least  success.  In  a  history  of  the  sub- 
ject he  must,  however,  figure  as  the  first  Enghehman  who  fully  com- 
prehenfl^d  the  national  importanco  of  steam  road-rolling ;  and  we 
understa  n  J  (hat,  although,  as  wo  have  stated,  the  first  experiments  wero 
made  in  Fram  yet  his  steam  road-roller  was  the  first  thoroughly 
siiecessful  implement  of  the  kind.  About  a  year  afterwards,  ]^;illai- 
Bon's  steam-roller  appeared  on  the  English  patent  lists  as  a  communica- 
tion from  Messrs.  E.  Gellerat  and  Co.,  of  Paris;  and  in  May,  1866, 
that  Company  conchKhnl  a  six  years'  contract  with  the  Administration 
of  Paris  for  roiling  the  roads  of  that  capital.  In  the  meantime  the 
roller  made  by  Mr.  Batho  for  Calcutta  had  been  at  work  there  since 
more  than  repaying  its  entire  first  cost.   Xhe  i^ombay  autho* 
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rities  aooordingly  instmoted  tbeir  agent  to  order  oOfO  ol  Clark  and 
Batho*B  engineB,  tlurough  Oaptafai  Trover,  B^,  who^  however,  pre- 
lerred  to  employ  Meem.  ICoretlMid  and  Saa,  ol  Londoo.  Theae 
gmOmm  a4900id]zigly  mada  two  engmet  wIuqIl  wm  lent  out  to 
Bombay.  In  I860,  Mema.  Eartoni,  .Amoib  and  Andeiaon  nudevtook 
aome  oontraeta  for  ToEing  loada.  "Mr.  ijideraon  inlonna  na  that  tho 
flxm  happened  to  ha^e  one  of  Aveling  and  Porter^a  12-hoiie  traction* 
eDginei^  and  it  oconned  to  them  to  hwooM  it  to  a  lO-ton  toiler/'  6  feet 
in  diameter  and  length.  They  ^  oommenoed  operationa  in  1866  tyy 
rolling  the  new  roada  of  the  Belvedere  EMate^"  Belvedere,  near  Erith. 
The  film  ^'anheeqnently  made  a  contraot  with  the  Fixit  Oomnumioner  - 
of  Worka  to  zoU  the  roada  in  Hyde  Park,"  and,  during  the  autumn 
of  1866  and  the  early  pert  of  1867 "  the  engine  and  roller  were  kept 
in  that  park,  Ij&ough  the  Govenunent  oflfidala  were  anything  but 
favourable  to  fta  employment  It  again  iUuatratea  the  little  atten- 
tion paid  In  Bngland  to  what  ia  bdng  done  abroad,  that,  though 
the  city  of  Patie  had,  neatly  a  year  befbre,  concluded  a  aiz  yeara' 
contract  with  the  Paiia  Steam  Boad*rdIling  Company,  yet  thia 
eminent  firm  employed  a  certainly  ingenious,  but  comparatively  ineffi- 
cieni^  combination  for  the  pnxpoae.  It  was  aoon  found  that  the  wheela 
of  the  traction-engine  left  deep  ruts  that  were  not  made  good  by  the 
roller,  and  that  much  time  was  lost  in  turning ;  but  that  the  dead  load 
of  the  boiler  and  engine — useless  in  the  traction-engine — could  be 
made  to  do  good  work  in  rolling.  What  with  these  obaervations,  and 
the  reports  probably  more  or  less  current  about  the  success  of  the  Paria 
and  the  Calcutta  rollers,  Messrs.  Aveling  and  Porter  determined  tc 
adapt  their  form  of  traction-engines  to  this  purpose.  The  result  is  a 
combination  of  their  simple  and  efficient  form  of  traction-engine  with 
the  arrangement  of  rollers  and  turr.-tnblr  patented  in  1863  by  Messrs. 
Clark  and  Batho.  Towards  the  end  of  September,  1867,  Messrs. 
Avcling  and  Porter  supplied  a  30-ton  steam  road-roller  to  the  borough 
authorities  of  Liverpool,  whore  it  has  been  ever  since  at  work  to  the 
Batisfaction  of  tlio  engineer.  Subsequently  to  this,  Messrs.  Moreland 
and  Soil  hired  to  the  Government  the  Bteam  roller  now  [1870]  in  use  in 
Hyde. Park.  In  1867  steam  road-rollers  hoiran  to  bo  introduced  into 
Hanover.  The  manufacture  of  the  rollers  on  the  Ballaison  construction, 
was  tak(!n  up  t(tward8  the  end  of  1868  by  Messrs.  Manning,  AVardle, 
and  Co.,  of  Leeds ;  and,  at  the  beginning  of  last  year,  a  paper  giving  a 
description  of  the  steam-roller  used  in  Paris,  was  brought  before  the 
Institution  <  £  Mechanical  Engineers,  Birmingham,  by  M.  Gellerat^  of 
Paris,  eliciting  an  intereatiui;  diticuatdoa  on  the  whole  subject. 
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FotxowiNO  this,  a  steam  road-roUer  was  purchased  from  Umbtb.  Av«* 
ling  and  Porter,  in  1871,  by  the  Edinburgh  Boad  Trust,  which  roller 
^788  of  a  similar  design  to  that  supplied  bj  the  same  firm  to  the 
borough  authoritiea  at  JUyenpooly  and  i«  aiUd  to  have  given  gveat 
satisfaction. 

A  year  later  there  appeared  a  French  steam  road-roller,  known  at 
the  ^  Lemoittes."  This  roller  had  a  boiler  of  the  "  Kesterton tjpe» 
mounted  in  a  manner  substantially  similar  to  that  of  the  roller  pre. 
▼iously  made  by  Messrs.  Crellerat  and  Co.,  and  the  doable  cylinder 
engines  being  plaeed  beneath  the  boiler.  The  power  required  for 
operating  the  steering  gear  was  taken  from  engines  carried  upon  the 
foot  plate.  The  steering  rollers  were  placed  in  front,  and  power  was 
communicated  to  tho  driving:  ^ixle  of  the  rear  driving  rollers  through 
toothed  gearing  of  a  somewhat  complii  atr-d  dc^rription. 

Mr-  Andrew  Lindelof,  of  New  York,  U.S.,  patented,  in  1873,  a 
steam  road -roller  which  had  a  boiler  of  the  vertical  type,  c  m-yia^ 
donble-actirig  vertical  eDgine«,  the  rrank  eh«ft  of  which  was  connected 
to  the  driving  rollers  through  a  bevel  wheel  running  in  a  spur  ring  on 
the  extremity  of  the  driving  roller.  Steering  was  effected  by  means 
of  a  hand- wheel  and  screw,  working  in  a  block  pinned  to  the  end  of 
the  tiller,  which  was  fixed  to  the  vertical  shaft  of  tho  fork  of  the  steer- 
age roller,  the  necessary  play  being  allowed  for  by  a  joint  between 
the  fork  aud^  the  vortical  sliMtt  at  its  lower  extremity. 

At  the  Universal  Exliibition  hold  in  Vienna,  in  the  year  1873, 
Messrs,  Avcling  and  Porter  showed  a  new  patent  steam  road-roller  of 
a  smaller  type  than  that  supplied  to  Liverpool,  which  OOQld  be 
adapted,  with  greater  facility,  to  drive  a  stone-breaker,  and  to  peilofm 
when  required,  the  duty  of  an  ordinary  type  of  fixed  engine.  The 
weight  of  this  roller  was  eight  tons,  and  the  power  of  the  eng^ 
6*hone  nomiiial.  Tb»  front  steering  loUan  were  formed  ooniea],  and 
thiSf  it  WW  oaloidsted  by  flie  makers,  would  be  advantageous,  as  ena« 
Uing  the  slip  that  would  Wialt  from  that  oonatmctioii  to  be  taken 
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advantage  of  to  obtain  a  ramming  or  downward  pressure,  as  well  as  the 
usual  rolling"  pressure  upoa  the  road  surface.  In  practice,  however, 
this  plan  was  found  to  be  objectionable  by  reason  of  the  tendency  of 
the  tapered  rulleiB  to  spread  or  run  apart,  and  the  consequent  enor- 
mous strain  and  friction  that  was  thrown  upon  the  axle  in  con- 
sequence. 

From  this  time  the  road-roller  lias  been  gradually  improved,  until 
the  present  comparatively  perfect  machine  ha»  been  evolved,  of  which 
perhaps  the  best  example  of  tl\e  highest  efficiency  is  to  be  found  in 
Mesbrs.  Aveling  and  i-orter*s  patent  compound  steam  road-roller. 
This  type  of  roller  is  fitted  with  high  and  low  pressure  cylinders,  and 
with  a  boiler  of  mild  steel  plates,  specially  constructed  for  high 
working  pressures.  Amongst  the  advantages  derivable  from  com- 
pounding the  engine  may  be  briefly  enumerated  inoroased  economy, 
silence  in  working,  and  increased  steadiness  and  ease  in  work. 

The  practice  as  regards  the  weight  of  steam  road-rollers  varies  con- 
siderably in  different  countries,  and,  indeed,  in  diflferent  dibtricts.  In 
Paris,  for  instance,  the  auQunitiies  employ  and  insist  upon  their  ooii« 
tractors  employing  25-ton  steam-iollen.  This  Is  oonsideied  to  he  fsr 
loo  heavy  in  Ihis  oonntry.  Mr.  Pumell  Hooley/  County  Snmyor 
of  Notts,  reoommends  the  use  of  a  12^-ton  zoller  as  heing  the  most 
nseful  and  reliable  instmment,  and  observes  that  it  is  quite  anenor  of 
judgment  to  imagine  that  the  iTeavier  a  roller  the  hotter  the  work. 
Heavier  roUers,  he  sayst  do  more  damage  to  mateiial  and  drains,  and 
in  the  end  prove  oomhersome  lor  oonntcy  distriots.  Ifir.  Hboley  states 
that  he  nass  12-ton  rollers  on  magnesiaa  limestone  lor  sides  of  roads* 
f  amaoe  sla^  lor  making  np  important  roads  and  coating  seoond-dasa 
roadst  and  granite  lor  coating  first-dass  roads*  He  has  suooefisrnlly 
nsed  similar  rollers  on  Kentish  rag  stone  and  flint,  and  by  testing  has 
foond  that  mateiial  so  consolidated  does  not  give  off,  hj  25  per  eent, 
so  much  dirt  and  dost  as  materials  consolidated  by  the  old-fashioned 
method  of  raking  in. 

In  repairing  roadsit  is  necessary  to  loosen  the  snperfidal  layer  of 
old  metalling  bgr  either  hand-picking  or  scarifying  before  spreadinip 
on  the  new  stones.  Spikes  inserted  at  intervals  in  one  of  the  driving 
wheels  of  a  roller  were  at  one  time  employed  to  do  thiiB  work,  and  this 
method  wa?  found  to  be  more  ccoaomioal  than  hand-picking.  A 
number  of  different  pattenia  of  scarifiers  have  now  been  invented, 
most  of  which  bear  a  strong  family  likeness  to  one  another.  A  con- 
venient type  of  apparatus  is  that  invented  by  Mr*  HorrisoOt  and  made 

•  "  Steawi  Rolling."  By  E.  rurnell  Hooley,  Aaaoc.  M.Iast.  C.E.,  County  Sur- 
veyor of  Notts.  A  Paper  read  before  the  Incorporated  Association  oX  llunicip*! 
sad  Goimtf  Bnginsers,  at  Biig Mob,  Jura  SMb  and  SSth,  18S9. 
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by  Messrs.  AveUng  and  Porter.  This  contrivance  is  bo  constructed 
that  it  is  adapted  for  fixing  to  any  self-moving  engine,  but  is  espe- 
cially suitable  for  application  to  a  steam  road-roller,  and  being  per- 
manently attached,  it  can  be  used  at  a  moment's  notice  as  economi- 
cally for  the  slightest  patching  as  it  can  for  continuous  work,  and  will 
work  with  equal  facility  and  advantage  backwards  or  forwaxds.  A 
10-ton  roller  will  work  it  with  ease,  and  break  up  from  4,000  to  5,000 
aqnare  yards  per  diem. 

The  cost  of  steam  rolling  as  compared  with  horae  string  is  very 
greatly  in  favour  of  the  fotmer,  the  MTing  being  at  least  26  per  c^t. 
"Wlien  BoitaUe  anangements  aie  made  to  iniiire  the  oontiinioiie 
working  of  a  ateam  roller,  by  having  atietofaea  of  road  alwaya  ready 
in  advance,  from  1,000  to  2,000  aqnare  yaida  may  be  i^olled  in  a  day, 
in  aooordaiice  with  the  weight  of  the  n^er,  and  to  the  variona  other 
conditioiiB  under  whieh  the  work  must  be  eairied  on.  Indnding  the 
coat  ol  the  wagea  of  the  driver,  fuel,  and  oil,  and  a  anm  of  from  10  to 
15  ahiUinga  to  cover  intereat  and  wear  and  tear,  the  coat  of  rolling 
from  1,000  to  2,000  yarda  will,  according  to  Meaara.  Aveling  and 
Porter,  average  from  228.  to  25a.,  that  ia  to  aay  lliat  from  3  to  8 
yarda  anperfioial  can  be  rolled  for  Id. 


COST  OF  STEAM-ROLLING  OH  ROADS  IN  FRANCE.* 
(Annalea  dee  Ponta  et  CSianaaiea,  Angoat,  1896.) 

Cost  of  Wobxinq  per  Tok-mile. 


12-ton  BoUer. 

16-ton  Boiler. 

Id-ton  BoUer. 

"Wagtts  

Repairs  

Interest  and  depreciation  . 

•674d. 

l-149d. 
•5G7d, 
*353d. 

*674d. 

•858d. 
•667d. 
*291d. 

•689d. 

•70.5d. 
•662d. 
*23(d. 

In  giving  the  costs  of  the  working  of  steam  rollers  there  Is  always  a 
certain  amount  of  imcertainly  as  to  what  should  be  included  in 
aopport  of  the  flgnres;  however,  Messrs.  Aveling  and  Porter  give 
extracts  from  a  number  of  reports  on  the  working  of  their  rollers, 
from  which  extracts  the  following  tabic  has  been  compiled  by  the 
aathor  aa  being  in  a  oonvinient  form  for  reference. 

*KoTB. — The  cuBt  of  road-matmal  and  the  labour  entailed  by  its  disthbuiiou, 
oad  that  of  iratolihig,  watering,  etc,  ii  lui  inehided. 
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1,200  sup.  — 
yds.  per  day 

rolled 
1,000  yds.  — 
per  day  aver- 
age rolled 

2,000  sup.      '5d,  do. 

yds.  rolled 

800  sq.  yds.     '5d.  do. 
(average  ten 
hours)  rolled 

  Ad  do 

900  sup.  yds.  — 
per  day 
rolled 

1,500  to  2,000  •27d.  do. 
sup.  yds.  per 
day  rolled 

600  to  800  •2d.to-28d. 
sq.  yds.  per  do. 
^y  rolled 
HoUed  — 

Rolled  — 

Rolled  — 

Rolled  and  — 
scarified 

Rolled  — 

1 

0    7  2 
0  15  5 

— 

0  19  7J 
0  15  3 

1 

0  14  4 

0  11  0 

0  16  0 
0  11  0 

0  14  3 

0  18  0 

0  15  8 

1  i 

!  1 

II    1    1    1  Id-  1  1  i 

1       ^       1  1 

II    1    1    1  II  1  1  1 

1                 1  1 

II    1    ^    1  1 1  1  1  1 

2  men,  6/8 

2/6 
3/  roadman 

1    ^    1  1 

II    1    1    1  1 1  i  1  1 

Oi 
QO 

»            "»  ,» 

CO 

5  ^             ^             •»                       •             »         *»  #» 

Portsmouth,  do,  • 

"FnlkfiKtonft.  do. 

Darlington,  Bore* 
Snrvoyor  .    .  . 
Birkenhead,  do.  . 

Ipswich,  do.    .  . 
Scarborough,  do.  . 

Kingston,  Sur- 
veyor Highway 
Board. 

Gloucester,  City 
Surveyor. 

Bournemouth, 
Town  Surveyor. 

Maidstone,  do. 
West  Sussex, 
County  Surveyor. 
Do.      do.  do. 

Croydon,  Town 

Surveyor 
Eastbourne,  do.  . 
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APPE]!n)IX  17. 
Bt-Law  as  xo  tbm  f  o&MATioir  OF  Nsw  Stusets  m  ths 

KSTB0F0LI8|  aCADX  BY  THS  ICXTBOFOIJTAN  BoABD  07 
WOBXS    AlVD    AmOVED   BY   THS  HoiCB  SbOBBTABY 

(published  1st  May,  1857),  ijndeb  the  Meiroioli^^ 
Local  Management  Aot^  1855."*^ 

1.  Four  weelks  at  least  before  any  new  street  shall  be  laid  out, 
written  notice  shall  be  given  to  the  LoBdon  County  Ck>uncil)  at  their 
office,  Spring  Gardens,  in  the  County  of  Middlesex,  by  the  person  or 
persons  intending  to  lay  out  such  new  street,  stating  the  proposed 
level  and  width  thereof,  and  accompanied  by  ft  plan  of  the  gzoiuid» 
flhowing  the  local  atnatioii  of  the  same. 

2.  Forty  feet,  at  the  least,  shall  be  the  width  of  every  new  Btreet 
intended  for  carriage  traffic  ;  20  feet,  at  the  least,  shall  be  the  width 
of  every  new  street  intended  only  for  foot  traffic  ;  provided  that  the 
wild  width  reepectiTely  shall  be  construed  to  mean  the  width  of  tho 
carriage  and  footway  only,  exclusive  of  any  gardens,  forecourts,  op+^u 
areas,  or  other  spaceB  in  front  of  the  houses  or  buildings  erected  or 
intended  to  be  erected  in  any  street. 

3.  Every  new  street  shall,  unless  the  London  County  Conncil  other- 
wise consent  iu  writinij,  have  at  the  least  two  entrances  of  the  full 
width  of  such  street  and  shall  be  open  from  the  ground  upward. 

4.  Tho  measurement  of  the  width  of  every  new  street  Hhall  he  taken 
at  a  right  anc^le  to  the  course  thereof,  half  on  cither  side,  from  tho 
centre  or  crown  of  tho  roadway  to  the  external  wall  or  front  of  the 
iutrndi  (1  houaes  or  buildings  on  each  side  thereof;  but  where  fore- 
courts or  other  spaces  are  intended  to  bo  left  in  front  of  the  houses  or 
buildings,  then  the  width  of  the  street  as  already  defined  shall  bo 
measured  from  the  centre  line  up  to  the  fence,  railing,  or  boundary 
dividing  or  intended  to  divide  such  forecourts,  gardens,  or  spaces 
from  the  public  way. 

•  By  the  40tli  section  of  the  Local  Government  Act,  1888,  tLo  powers  of  the 
MetropoUtan  Board  of  Works  are  tnuufened  to  tie  London  County  Council,  and 
any  notice  which  by  the  fOnm  by-law  fa  directed  to  be  given  to  or  by  tixe  BoarA 
is  now  to  be  given  to  or  by  the  Council,  and  aaymieavirbica  might  havB  been 
given  by  the  Board  may  be  given  by  the  CounoU. 
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5.  TI16  oaxmge^way  of  eveiy  naw  street  must  enrve  or  foil  itook 
Ibe  centre  or  crown  thereof  at  the  rate  of  tiiiee-eighthB  of  an  inoh  at 
tlie  least  for  every  foot  of  Ixreadth. 

6.  In  every  new  ptreet  the  kerb  to  each  footpath  must  not  bo  lesa 
than  four  nor  more  than  eight  inches  above  the  channel  of  the  road- 
way, except  in  the  case  of  crossings  paved  or  formed  fur  the  use  of 
foot  passengers ;  and  tho  slope  of  every  footpath  towards  the  kerb 
must  be  half  an  inch  to  every  foot  of  width  if  the  footpath  be  un- 
paved,  or  not  less  than  a  quarter  of  an  inch  to  every  foot  of  width  if 
the  footpath  be  paved. 

7«  In  this  by-law  the  word  street*'  shall  be  interpreted  to  apply 
to  and  inolnde  any  highway  (except  the  carriage-way  of  any  turnpike* 
road)y  and  any  road,  public  bridge  (not  being  a  county  bridge),  lane, 
footway,  square,  court,  alley,  or  passage,  whether  a  thoroughfare  or 
not^  and  a  part  of  any  stuSi  highway,  road,  bridge,  lane,  footway, 
square,  court,  alley,  or  passage. 

8.  In  case  of  any  breach  of  the  regulations  contained  in  this  by- 
law, tho  offender  shall  be  liable  for  each  offence  to  a  penalty  to  40s., 
and,  in  case  of  a  continuing  offence,  to  a  further  penalty  of  208.  for 
each  day  after  notice  thereof  from  the  London  Ck>anty  Council, 
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ADAM  ANTE  AN  concrete 
pavement,  2M 
Advantages  of  brick  as  a  paving 

material,  312-314 
American  Commission  on  brick 

pavements,  report  of,  ^IS 
Appendices,  412-457 
Application  of  the  steam  roller  to 
the  formation  of  the  founda- 
tioDB  of  new  roads,  420,  421 
Arg^tine  Republic,  native  woods 

in,  224i  226 
Armstrong,  Addison,  and  Co.'s 
method  of  creosoting  timber, 
2/)f>-260 

Artificial  granite  pavements,  322 
Artificial  stone  pavements,  SSfi 
Asphxdte  footpath  pavements, 
357-359 

Aephalte  for  pavement,  ITi  131) ; 
artificial  asphalte,  131 ;  wheel- 
tracks,  134i  214^  284-311,  357- 

Asphaltc,  Bamett's  liquid  iron, 
pavement,  292^  300^  305^  306i 
308.  309,  310 ;  cost,  310 ; 
wear,  305,  306,  0117 

Asphalte,  Bennett's  foothold  me- 
tallic, pavement,  293,  294 

Asphalte  pavement,  compressed, 
290,  291,  296-298 

Asphalte  pavement,  first  use  of, 
'2M  ;  in  51annhoster,  310,  311 

Asphalte,  LiUie'a  composite, 
pavement,  234 

Asphalte,  Limraer  mastic,  pave- 
ment, laid  in  the  City  of  Lon- 
don, 2dlt  292,  300,  306,  306^ 


307.  309,  ain;  cost,  273^  307, 
310 ;  wear,  305,  306,  WL 

Asphalte,  Maestu  compound, 
pavement,  293 

Asphalte,  Montrotier  compressed, 
pavement,  292,  300i  305,  306, 
307  ;  cost,  292;  wear,  305, 
306,  307 

Asphalte,  objections  to  as  a  pav- 
ing material,  284,  285 

Asphalte,  patent  British,  pave- 
ment, 292 

Asphaltes,  Society  Fran^aise  des, 
pavement  by,  292,  293,  300, 

305,  aofi 

Asphalte,  Stone's  slipless,  pave- 
ment, 293 

Asphalte,  Trinidad,  pavement, 
295.  296 

Asphalte,  Val  de  Travers,  pave- 
ment, laid  in  Paris,  2911 ;  in 
the  City  of  London,  290,  291, 

300,  303,  304,  309,  3in ;  cost, 
273,  286.  290.  291.  3in ;  wear, 

301,  303.  304,  307;  average 
wear, 

Asphalte,  Whinerys,  pavement, 

294,  295 

Asphalte  joints,  granite  pave- 
ment with,  in  Manchester, 
199;  in  the  City  of  London, 

298,  2911 
Asphalte  pavement,  wear  of,  301, 

302,  303,  304.  305,  306,  a£LZ 
Asphalte  pavements,  2M  : — Val 

de  Travers  asphalte  laid  in 
Paris,  28fi;  asphalte  pave- 
ments in  the  City  of  London, 
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2^  ;  cost,  aia ;  in  Manchester, 
310.  m ;  in  America,  287—290 
Asphalte-granite   pavement,  in 
Manchester,  ]M ;  in  the  City 

of  London,  2S8 
Asphaltic  wood  pavement,  264- 

266.  272.  m 


BALFOUR,  MR.  D.,  on  the 
cost  of  maintenance  of 
macadam  roads  at  Sunderland, 
Ifil 

Bamett's  liquid   iron  asphalte 

pavement,  222  (See  AftphaltCf 

BarnetVSf  &c.) 
Barry,  Sir  J.  Wolfe,  paving*  of 

Tower  Bridge,  2113 
Bartsch,  Peters  &  Co.,  Messrs., 

method  of  preserving  timber, 

2M 

Basle,  experiments  with  wood 
pavements  in,  250,  251 

Bennett's  foothold  metallic  as- 
phalte  pavement,  293,  224 

Berry,  Messrs.  Henry  &  Co., 
Ld.,  machine  for  making  arti- 
ficial flags,  343-345 

Best  vitrified  brick  for  paving 
purposes,  316,  317 

Betholl,  Mr.  John,  on  preserving 
timber,  256^  26fi 

Bingham* 8 patent  paving,  323,324 

Birmingham  : — Wear  and  cost  of 
macadamised  roads,  by  Mr.  J. 
P.  Smith,  1^ ;  comparative 
cost  of  macadam  and  paved 
roads,  by  Mr.  W.  Taylor,  1^  ; 
cleansing  the  streets  of,  380 

Blackfriars  Bridge,  stone  pave- 
ment, 173,  187 

Blair,  Mr.  W.  N.,  on  capacity  of 
wood  blocks  for  absorbing 
moisture,  249 

Blocks,  size  of,  for  wood  pave- 
ment, 242,  243 

Blue  brick  road  pavements,  Staf- 
fordshire, MS 

Blue  brick  footpath  pavements, 
346-349 

Blue  StalEordshire  brick  curbs, 
369-371 


Blue  StafTordtihire  brick  channel* 
ling,  m 

Bode,  Baron  de,  on  wood  pave- 
ment in  Bussia,  13 

Bokeberg,  Herr  E,,  on  the  inter- 
spaces in  broken  metal,  lAA 

Boning  rods,  134 

Boulder  pavement,  11 ;  in  the 
City  of  London,  173  ;  in  Liver- 
pool, 195 ;  in  Manchester,  198 

Boulton,  Mr.  S.  B.,  on  preserv- 
ing timber,  256 

Breaking  and  conveying  metal* 
ling,  422,  423 

Brick  curbs,  368-371 

Brick  footpath  pavements,  346- 
350 

Brick  road  pavements,  312-320 
British,  patent,  asphalto  pave- 
ment, 222 
Brown,  Mr.  Ednie,  report  by,  on 
forests  of  Western  Australia, 
223.  224 

Browne,  Major  James,  on  moun- 
tain roads,  393,  395 

Buckley  bricks  for  paving  foot- 
paths, 3M 

Burgoyne,  Sir  John,  on  road- 
rolling,  U ;  appendix,  412 

By-law  as  to  the  formation  of 
new  streets  in  the  Metropolis, 
456x452 


CARBOLINEUM  Avenarius, 
260-262 

Carey's  wood  pavement,  17,  231- 
236.  273 

Carriage  crossings,  373 

Carriage-way  pavements,  as- 
phalte,  City  of  London,  300 

Carriage-way  pavements,  com- 
parison of,  326-332 

Cast-iron  paving,  321,  322 

Cellular  iron  pavement,  322 

Cement  concrete  curbs,  371 

Chalk  as  a  building  material  for 
roads,  20 

Channel,  inclination  of,  226-228 

Channelling,  372^  373 

Characteristic  features  of  foot- 
paths, general,  333i  2M 
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Charie-Marsaines  on  performance 
of  Flemish  horses,  IID 

Chemical  process  of  manuf actar« 
ing  artificial  stone,  339-343 

City  Engineer,  Chicago,  on  brick 
pavements,  314 

City  of  London,  wood  pavements, 
table  of,  270^  211  ;  wear  of,  219 

Clark,  D.  K.,  on  the  performance 
of  horses,  All 

Cleansing  of  roads  and  streets, 
875.  (See  Koads  and  Streets , 
Cleansing  of) 

Clinker  stone  paving,  338, 

Combination  sett  paving,  324. 

Commercial  Road,  stone  tram- 
ways in,  2119 

Comparative  convenience  of  pave- 
ments, 2i2il 

Comparative  wear  of  wood  pave- 
ments as  reduced  to  traf^c 
standard,  253 

Comparative  costs  of  pavements, 
326-329,  2^ 

Comparative  slipperiness  of  pave- 
ments, 3>j9-331 

Comparison  between  hard  and 
soft  wood  pavements,  276,  277 

Comparison  of  carriage-way 
pavements,  326-332 

Composite  curbs,  312 

Composite  pavement,  2M 

Compressed  a.sphalto  block  road 
pavement,  296^  2M 

Compressed  asphalte  foolpath 
paving,  358,  359 

Compound  metallic  paving,  Me- 
tropolitan, Z21 

Compound  wood-and-stone  pave- 
ment, a22 

Concrete  as  a  foundation  for 
roads,  by  Mr.  Hughes,  SI ; 
and  by  Mr.  Penfold,  SI 

Concrete  pavement,  McDonnell*  s 
adamantean,  2M ;  Mitchell*s, 
m  ;  Stuart's  granolithic,  361- 
Zhh  ;  Imperial  Stone  Company, 
356 ;  granite  chippings  and 
Hilton  and  Anderson's  cement, 
355,  3M ;  ordinary  concrete, 

Concrete  roads,  by  Mr.  Joseph 
Mitchell,  lii2 


Construction  of  roads,  40^  12; 
earthwork,  10;  working  plan, 
411 ;  slopes,  43^  4fi  ;  drainage, 
46.  10 ;  embankments,  41 ; 
catch-water  drains  and  cross 
drains,  ;  roads  on  the  side 
of  a  hill,  4fi  ;  side -cuttings, 
42  ;  spoil- bank,  50 ;  maximum 
gradients,  63^  65 ;  minimum 
gradients,  04 ;  foundation  and 
superstructure,  IS ;  three  kinds 
of  foundation,  8Q ;  concrete 
foundation,  by  Mr.  Hughes, 
ai ;  and  by  Mr.  Penfold,  SI ; 
foundation  of  pavement,  by 
Mr.  Telford,  83 ;  broken  stone 
first  recommended  by  Mac- 
adam, &fi ;  Mr.  Hughes  on 
broken  stone  covering,  8fi ; 
chalk  as  a  binding  material, 
00 ;  Mr.  Walker  on  iron  scraps, 
as  a  binding  material,  21  ; 
foundation  for  paved  streets, 
109 ;  materials  employed  in 
the  constriction  of  roads  and 
streets,  122;  modem  maca- 
damised roads,  134 
Contour  lines  and  maps,  2A 
Contour  of  roads.  (See  Level  and 
Contour) 

Cooper,  Mr.  C.  H^  on  tar  pave- 
ment for  footpaths,  363-365  ; 
on  carriage-crossings,  314 

Cork  bricks  for  paving  footpaths, 
350 

Cost  of  asphalte  pavements,  310, 
326^  327,  328^  323 

Cost  of  macadamised  roads,  151, 
156,  158,  161,  162,  105 

Cost  of  stone  pavements  : — First 
cost  and  repair  of  streets  in 
the  City  of  London,  171^  183, 
184,  1S8 ;  Euston  pavement, 
170 ;  experimental  paving  in 
Moorgate  Street,  III ;  Lon- 
don Bridge,  IM;  Blackfriars 
Bridge,  187 ;  Liverpool,  194, 
105  ;  comparative  costs,  329 

Cost  of  steam-rolling  and  scari- 
fying. 437-441 

Cost  of  wood  pavements,  231, 
272-279.  224 

Cost  of  Yorkshire  paving,  322 


462 


INDEX. 


Creosoted  wood-paving  blocks, 

256-260 

Grosbie,  Mr.  G.  J.,  on  average 
cost  of  foot  pavements, 

Crossings,  112^  373,  aii 

Cunningham,  Mr.  J.  H.,  on  the 
cost  of  construction  of  macadam 
roads,  near  Edinburgh,  Qlas- 
gow,  and  Carlisle,  Ifi2 

Curbs,  no,  366-373 


DAWSON,  MR.  G.  J.  CROS- 
BIE,  cost  of  ligno  mineral 

pavement,  273 
Debauve,  resistance  to  traction 

on  common  roads,  406,  407 
De  Boissieu,  Mr.,  on  preserving 

timber,  2^5 
Depuit,  M.,  on  the  gradients  of 

roads,  OA ;    on  the  width  of 

surface   of  tyres  in  contact, 

IM  ;  experiments  on  resistance 

to  traction,  406 
Derb}',    cost   of  macadamised 

streets  in,  by  ]\Tr.  E.  B.  Ellice- 

Clarke,  158i  IM 
Dimensions  of  hard-wood  paving 

blocks,  21L  218 
Dimensions  of   paving  bricks, 

UA 

Dimpfl  and  Polotti,  pavement, 

322 

Dobson,  Mr.,  on  mountain  roads, 

395.  400 

Dockray,  Mr.,  his  opinion  of  tlie 

Euston  pavement,  116 
Dowelled  wood  pavement,  269, 

270,  274 
Drainage,  46^  48,  7i 
Duffy,  Mr.  William,  system  of 

wood  pavement,  269,  270.  274 
Dumas  on  French  roads,  IS ;  on 

gradients    of  roads,   fi3 ;  on 

modern  macadamised  roads  in 

France,  IM 
Duration  and  repair  of  asphalte 

pavements,  305,  306 
Duration  of   wood  pavement, 

estimated,  281 


jgARTHWOBK,  40  ^ 

Eastons  and  Anderson  on  resist- 
ance  of  carts  and  waggons,  408 

Eayrs,  Mr.  J.  T.,  on  brick  pav- 
ing for  carriage-ways,  312 

Economical  results  of  the  general 
use  of  steam  road-rolling  in 
the  metropolis,  424.429 

Edge  worth,  on  the  construction 
of  roads,  2 

Edinburgh,  Glasgow,  and  Car- 
lisle, cost  of  construction  of 
macadam  roads  near,  by  Mr. 
J.  EL  Cunningham,  162 

Ellioe-Clark,  Mr.  £.  B.,  on  the 
cost  of  macadamised  streets  in 
Derby,  168.  Ifii  ;  estimate  cost 
for  paving  and  maintaining" 
streets  in  Derby,  212.;  com- 
parative cost  of  various  road 
surfaces,  327 

Embankments,  47 

Estimated  duration  of  wood  pave- 
ment, (See  also  Life  of 
Wood  Pavements) 

Estimates,  taking  out  quantities 
for,  111 

Ewart,  Lt.-Col.,  C.B.,  on  proper 
principles  of  drainage,  389, 

m. 

Excavation  of  roadway  for 
foundations,  225 

Experimental  pavements,  various, 

250-251 

Exploration  for  roads,  21 ;  laying 
out.  21,  36j  contour-lines  and 
maps,  24  ;  working  sections,  31 

Extent  of  asphalce  pavement  in 
the  City  of  London,  30D 

Extract  from  the  Report  of 
Colonel  Haywood,  435-449 


FAREY,  MR.  JOHN,  on  the 
work  of  horses  and  the  wear 

of  road,  140 
Fences,  IM    (See  Hedges  and 
Fences) 

First  cost  of  wood  pavement  in 
the  Metropolis,  275 
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First  use  of  asphalte  pavements, 

2M 

Foothold  metallic  asphalte,  293 

Footpaths,  7L  112;  stones  used 
for,  128i  333-374 

Foster,  P.  Le  Neve,  Jun.,  on  tram- 
ways in  Milan,  203 

Foundations  for  pavements,  108, 
100 

Foundations  of  asphalte  pave* 

ment,  2Sfi-29Q 
Foundations  of  brick  pavements, 

Foundations  of  wood  pavements, 

228.  22ii 

Foundations  of  hard- wood  pave- 
ment, 2M 

Foundations  of  roads,  7S  (See 
Construction  of  Roads) 

France,  roads  in,  18^  IM  ;  cost  of 
steam-rolling,  (See  Roads 
in  France) 

Fraser,  Sir  Malcolm  A.  C,  on 
areas  of  hard  woods  in  Aus- 
tralia, 22i 


GABRTEL*S  wood  pavement, 
268.  211 

Garchez,  pierre  de  verre,  320.  322 
General  characteristic  features  of 

footpaths,  333^  3M 
Glass  paving  bricks,  320,  329 
Gradients,   maximum,  63^  ; 

minimum,  64 
Granite,  122;  comparative  wear, 

m ;  in  London,  32ii 
Granite  pavement,  artificial,  Po- 

letti  and  Dimpfl's,  322 
Granite  pavement  with  asphalte 

joints,  298,  299 
Granite    tramways,    209  (See 

Stone  Tramwat/s) 
Greywacke,  122 


HAMBLETT'S  Ught  blue  brick 
paving,  346^  3nQ 
Hard -wood  pavements,  242-254 
Hard-wood  paving  blocks,  di- 
mensions of,  217,  213 


Hard- woods  for  paving  purposes, 
superiority  of,  229, 230 

Harrison* 8  wood  pavement,  200 

Haywood,  Colonel,  reports  of,  to 
the  Commissioners  of  Sewers 
of  the  City  of  London,  170; 
earliest  carriage  -  way  pave- 
ments in  the  City  of  London, 
111;  pavements  in  1848,  length 
of  carriage-way  in  1851  and 
1866,  three-inch  granite  sets 
made  the  best  pavements,  Hi ; 
experimental  paving  in  Moor- 
gate  Street,  111 ;  traffic  in  the 
City  of  London  in  1850,  1857, 
1865,  and  1871,  IM  ;  duration 
of  three-inch  set  pavements, 
182 :  cost,  184 ;  on  compara- 
tive oonvenience  of  pavements, 
Z21 ;  on  comparative  slipperi- 
ness  of  pavements,  329-331  ; 
on  the  wear  and  cost  of  paving 
for  London  Bridge,  l&a  ;  esti- 
mate of  durabili^  and  cost  of 
pavements  in  principal  streets 
of  the  City,  ]31 ;  typical  sec- 
tions of  a  fifty-feet  street,  LSS ; 
on  asphalte  -  jointed  granite 
pavements,  299  ;  table  showing 
the  condition  of  wood  and 
asphalte  carriap^o-way  pave- 
ments in  the  City  of  Loudon, 
on  1st  February,  1877,  i42 

Hodges  and  fences,  104 ;  stone 
fences,  104 ;  post  and  rail 
fence,  105 ;  quickset  hedge, 
lOo  ;  Professor  Mahan  on 
fences,  IQfi  ;  Sir  John  Macneil 
on  the  evil  of  do^  fences, 
10& ;  Mr.  Walker  on  the  same, 

106 

Henson's  wood  pavement,  260, 
207.  273 

Bering,  Mr.  Rudolph,  on  traction 
on  various  road  surfaces,  3^ 

History  of  horse  road-rolling, 
429-437 

History  of  steam  road-rolling, 
432-437 

Homberg,  Mr.,  on  preserving 
timber,  255 

Hooley,  Mr.  E.  P.,  on  tar  foot- 
path pavements,  36Q-3G3 
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Hope,  D.  T.,  his  experiments  on 
wear  of  wood  in  pavements, 

m 

Horse  tracks,  1 

Hughes,  Mr.,  on  the  form  of  the 
bed  of  a  road,  13  ;  on  broken - 
stone  covering,  8S ;  concrete 
foimdation  by,  81 


I]UPERTAL  stone  paving,  343, 

Improved  wood  pavement,  237- 

241,  272,  273,  21A 
Inclination  of  Channels,  220^22^ 
India,  road-making  in,  893-400  ; 

the  Grand  Trunk  Road, 
India,  stones  in,  127 
Intersection  of  streets,  blocking 

of,  220 
Iron  curbs,  371^  312 
Iron  paving,  cast,  321,  322 
Iron  paving,  cellular,  322 
Iron-scraps  as  a  binding  material 

for  road,  ^ 


OINTING,  213,  2ii 

Jointing  of  brick  pavements, 
317«  318.  (See  also  Laying  and 
Jointing) 


KELSEY,  MR.,  on  cost  for  re- 
pair of  early  stone  pave- 
ments in  the  City  of  TiOndon,  171 
Kirkcaldy,  Messr.^.  D.  &  Son,  on 
strength  of  adamant  stone,  337; 
Stuart's  granolithic  pavement, 
3.54 

Krapp,  General,  cast-iron  pave- 
ment, 321j  S22 
K-unker,  12S 

Kyan,  Mr.  J.  H^  on  preserving 
timber,  256 


J^ATERITE,  127 

Laying  and  jointing  wood  paving 


blocks,  method  of,  218-220, 

213 

Laying  bricks,  method  of,  315, 

Lee,  Mr.,  experiments  in  cleans- 
ing the  streets  of  Sheffield, 

Letheby,  Dr.,  on  composition  of 
street  mud,  375,  SI^ 

Level  and  contour  of  road,  226, 

Life  of  wood  pavements,  2S2 

Ligno-mineral  pavement,  263, 
264,  270,  273,  274 

LiUio's  composite  pavement,  294, 

Limmer  mastic  asphalte  pave- 
mont,  2112,  (See  Asphalte 
Limmer,  &c ) 

Lisle,  Count  de,  his  wood  pave- 
ment, 15 

Liverpool,  stone  pavements  of, 
123^    (See  Stone  Pavements) 

Lloyd's  keyed  system  of  wood- 
paving,  21S 

Luhr's  patent  paving,  321 

London,  boulder  pavement,  11; 
Mr.  Telford's  system  of  pave- 
ment, 12 ;  Macadam's  pave- 
ment, 15 ;  construction,  wear, 
and  cost  of  metropolitan  roads, 
134,  138,  IM  ;  cleansing  and 
watering  the  streets  of,  375- 
392 ;  watering  the  streets  with 
jet  and  hose,  384-388 

London  Bridge,  construction, 
and  wear  of  stone  pavement, 
185 

London,  City  of,  first  Act,  for 
paving,  llj  paved  with  boulders 
II ;  macadamised  streets,  12  ; 
stone  pavements,  169  ;  wear  of 
granite  pavements,  203  ;  wood 
pavements,  210-283  ;  asphalte 
pavements,  284-311  (See  Stone 
Pavements,  Wood  Pavements, 
Asphalte  Pavements) 

Lovick,  Mr.  T.,  his  experimenftt 
in  cleansing  streets,  385-888 


jy"ACADAM  in  Manchester, 
Macadam,  James  L.,  on  the  old 
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toads,  7 ;  on  the  principle  of  a 
good  road,  7^  8 ;  on  the  section 
of  roads,  6d;  nse  of  broken 
stone,  86j  on  the  width  of 
tyres,  ]M ;  on  the  annual  wear 
of  metalled  roads,  147 

Macadamised  roads,  leading  prin- 
ciple of,  1 ;  total  length  of,  in 
1868-69,  lOj  rolling,  10]  adopt- 
ed in  France,  19 ;  not  snited 
for  heavy  traffic,  IM ;  stones 
suited  for,  122 ;  modem  mac- 
adan^iised  roads,  IM  (8c6  Coti' 
siruciion  o/Boadt) 

Macadamised  roads,  modem,  con- 
struction of,  IM ;  first-class 
metropolitan  roads,  134;  second- 
class  metropolitan  roads,  I^ ; 
country  roads,  135 ;  constrac- 
tion  proposed  by  a  committee 
of  the  Society  of  Arts,  137 ; 
wear,  128 ;  disadvantage  of 
elasticity,  138 ;  relative  wear 
due  to  the  action  of  horse- 
shoes and  of  wheels,  140,  144 ; 
rounded  tyres  injurious,  lil ; 
width  of  surface  in  contact  with 
t}rres,  144;  interspaces  in  broken 
stone,  analysis  of  crust 

of  macadamised  road,  by  Mr. 
Mitchell,  IA&  ;  annual  wear, 
147 ;  rules  for  wear,  liS; 
maintenance  of  roads  in  the 
metropolis,  161 ;  suburban  high- 
ways, 153  ;  local  roads,  Ihh  ; 
Birmingham,  155 ;  Derby,  158; 
Sund^nrmnd,  161 ;  districts  near 
Edinburgh,  Glasgow,  and 
Carlisle,  1^ ;  macadamised 
roads  in  France,  IM ;  in  Man- 
chester, 201  (See  Vear  and 
Cost) 

Machine  for  the  manufacture  of 

artificial  flairs,  343-315 
M{ickinto8h,  Mr.  H.,  on  jarrah 

paving  blocks,  252 
Macneil,  Sir  John,  experiments 
by,  on  resistance  to  traction,  62, 
459 ;  on  inclination  of  roads,  63 ; 
on  close  fences,  106 ;  on  elas- 
ticity of  the  road,  138 ;  on  the 
weight  of  vehicles  and  width 
of  tyros,  142 ;  experiments  on 


resistance  of   granite  tzam- 

ways,  2M 

Maestu  compound  asphalte,  283 

Mahan,  Professor,  on  side  slopes, 
13  ;  on  the  angle  of  repose,  61 ; 
on  maximum  gradients,  63  ;  on 
the  form  of  cross  section,  72; 
on  the  height  of  fences,  IM 

Manchester,  asphalte  pavements 
in.  310,311 

Manchester,  cleansing  the  streets 
of,  377i  383 

Marot,  Mr.  Benjamin,  on  brick 
pavements,  313,  314 

Marshy  soils,  brushwood  sub- 
structure in,  77 

Mason,  Mr.  Charles,  on  compara- 
tive  duration  of  deal  and  jarrah 
paving  blocks,  2^ 

Mastic  asphalte  footpath  pave- 
ments, 357^  358 

Materials  employed  in  the  con* 
struction  oi  roads  and  streets, 
122 stones,  121 ;  granite,  1 22; 
its  cmshing  resistance,  124 ;  ab- 
sorbent  power  of  stones,  125; 
advantages  of  a  paving  material 
312-314;  trap  rocks,  136;  com- 
parative wear  of  stones,  126; 
Mr  .Walker  on  wear  of  granites, 
126  ;  Greywacke,  122  ;  stones 
suited  for  macadam,  127; 
stones  in  India,  121 ;  stones  for 
footpaths,  128  ;  for  curbs,  13Q ; 
asphalte,  13Q ;  artificial  as- 
phalte, 131 ;  wood,  131  ;  its 
crushing  resistance,  132  ;  Mr. 
D.  T.  Hope's  experiments  on 
wear,  132;  for  paving  foot- 
paths, 3M 

McDonnell's  adamantean  con- 
crete pavement,  2M 

McDougall,  Mr.,  combination 
sett  paving,  324^  325^  374 

Mechanical  process  of  manufac- 
turing artificial  stone,  337-339 

Metalled  roads  (See  Macadam^ 
ised  Roads) 

Metallic  lava  paving,  33fi 

Metiillic  paving,  321i  322 

Method  of  laymg  brick  for  pave- 
ments, 316,  31fi 

Method  of  laying  and  jointing 

U 


466 


INDEX. 


wood  paving  blocks,  218-220, 
257-259 

Metropolis,  wood  payGments  in, 

Metropolitan  compound  metallic 
paving,  321 

Metropolitan  Wood  Pavement 
Company's  pavement,  l& 

Mich  elm,  moan  values  of  co- 
efficients of  traction,  411 

Milan,  stone  tramways  in,  2111 

Mitchell,  Mr.  Joseph,  on  the 
interspaces  in  broken  stone, 
1A5 ;  analysis  of  the  cost  of  a 
macadam  road,  146 ;  concrete 
road,  IQ2  ;  concrete  pavement, 

Moll,  Mr.  Franz,  on  preserving 

timber,  255,  256 
Montrotier  compressed  asphalte 

pavement,  2^  (See  AsphaUe, 

Montrotier ^  &c.) 
Morin^a  experiments  on  resistance 

to  traction,  61^  405 
Mountain  roads,  393,  405 
Mowlem's  wood  pavement,  267, 

268.  273 

Mud,  removal  of,  composi- 
tion of,  875-382 


NATURAL  stone  pavement, 
334-336 

Necessary  quantities  of  paving 

bricks,  314^  315 
Newlands,  Mr. ,  on  the  streets  of 

Liverpool,  322 
Nicolfion's  wood  pavement,  237 
Norton's  wood  pavement,  267 
Norrington,  Mr.  J.  P.,  on  hard- 
wood pavements,  246,  253,  271 


OBJECTIONS  to  asphalte  as  a 
leaving  material,  2M 
Ontario  Department  of  Agricul- 
ture, prov.  inst.  of,  on  brick 
pavements,  317 
Omer  wood  pavements,  263-271 
Other  pavemeats,  321=325 


PACK  HORSES,  1 
Paget,  F.  A.,  his  data,  149, 
151,  42Q 

Paris,  cleansing  the  streets  of, 
233 

Patent  paving,  Bingham's,  323, 
324 

Patent  paving,  L6hr'8,  321 

Paved  roads  and  streets,  108 ; 
foundations,  IM  ;  mode  of  pre- 
paring surface  for  pavement, 
109:  construction  of  foundation, 
lOa  ;  stone  sets,  lOa ;  curb,  110; 
pavement  for  inclined  streets, 
112 ;  side  walls  and  crossing 
places,  112 

Pavement,  boulder  (See  Boulder 
Favement) 

Pavement,  cast-iron,  321,  322 

Pavement,  cellular  iron,  322 

Pavement,  compound  wood  and 
stone,  322 

Pavement,  granite,  estimated  cost 
of,  in  Birmingham,  IM;  in 
Derby,  160^  161 

Pavement,  granite,  artificial,  322 

Pavement,  metallic,  321,  322 

Pavement,  stone  (See  Stone 
Pavement) 

Pavement,  wood  (See  Wood 
Fakement) 

Pavements,  oarriag^-way,  com- 
parison of: — cost,  326 ;  slippcri- 
ness,  310,  329-331  ;  conveni- 
ence, 331 ;  cleanliness,  388 

Pavements,  experimental,  vari- 
ous, 260^  251 

Pavements,  hard-wood  duration 
of,  m^2M 

Pavements,  brick  (See  Brieh 
Pavements) 

Pavements  for  footpaths,  laid  in 
situ,  350-365 

Paving  bricks,  dimensions  of,  314 

Penfold,  Mr.,  on  repairs  of  roads, 
M;  concrete  foundation  by, 
81 

Picking  up  roads  by  steam,  i22 
Pierre  de  verre  Qarchez,  320, 

329 

Pinchbeck,  Mr.  George,  on  cost 
of  maintaining  suburban  high- 
ways, 163 
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Poletia   and  Dimpfl's  artificial 

granite  pavement,  222 
Polonceau  on  road  rolling,  2Q 
Preservative   processes,  various, 

255-262 

Preserved  wood  pavements,  255 
Principal  woods  employed  at  the 
present  time  for  paving  pur- 
poses, 220^^225 
Pro  vis,  Mr.,  on   elasticity  of 
roads,  1^ 


QUALITIES  of  paving  bricks, 
314,  315 

Quantities  for  estimates,  taking 
out,  lU 


EANSOME'S    stone  paving, 
34Q-343 

Beading,  cleansing  the  streets  of, 

aM 

Bedman,  Mr.,  on  the  wear  of 
macadam  in  Commerciai  Boad, 
US 

Beid,  Hp  Mr.,  on  strength  of 
Victoria  atone,  S4i) 

Bepairing  and  improving  roads, 
&S ;  improvement  of  the  sur- 
face, 23  ;  lifting  the  road,  M  ; 
Mr.  Penfold  on  repairs,  &5 ;  re- 
moval of  mud,  ;  tools  or  im- 
plements formerly  employed, 
M ;  scraping  machines,  IQ^  ; 
Whitworth's  sweeping  ma- 
chine, 103 

Report  of  American  Commission 
on  brick  pavements,  SIS 

Beport  of  the  special  committee 
of  the  Paddington  Vestry,  276 

Beaistance  to  traction  on  common 
roads,  6L  4Q1-411  ;  M.  Morin*s 
experiments,  51, 4Q6  ;  Sir  John 
Macn  til's  experiments,  52 ; 
rules  for  resistance,  55  ;  influ- 
Mice  of  inclines,  5fi ;  angle  of 
repose,  61 ;  Sir  John  Macneil 
on  gradients,  Professor  Mahan 
on  gradients,  M.  Dumas  on 
gradients,  63  ;  M.  Dupuit  on 


gradients,  ^ ;  minimum  longi- 
tudinal slope,  M.  Boiling  re- 
sistance, 401-405  ;  conclusions 
and  data  of  M.  Dupuit,  406; 
M.  Debauve,  406^  iOTj  M. 
Tresca,  407,  408 ;  Messrs. 
Eastons  and  Anderson,  ; 
Sir  John  Macneil*  409-410  ; 
formula,  410 ;  M.  Charie-Mar- 
saines*  data,  410^  411 ;  D.  K. 
Clark's  data,  ill ;  Michelin, 
mean  values  of  oo-efficients  of 
traction,  411. 
Besistance  of  granite  tramways, 
209 

B6sum6  of  the  main  advantages 
of  steam  road -rolling,  423, 124 
Eichards,  Mr.  B.  W.,  on  woods 

for  paving  purposes,  222,  223 
Boad  crossings,  314 
Boad,  modem  country,  135 
Boad-rolling,  ]A ;  in  France,  20, 
151 

Boads  and  streets,  cleansing  of, 
375-392  ;  composition  of  mud 
and  detritus,  376^  37L  382- 
3^  ;  cleansing  streets  of  Man- 
chester, 37L  SS3  ;  Whitworth's 
machine,  378;  cleansing  streets 
of  Salford,  380 ;  of  Birming- 
ham, 380,  3^1 ;  of  Reading, 
8S4;  watering  the  streets  of 
London,  384^  386  ;  Mr.  T. 
Loviok's experiments,  385-387; 
Mr.  Lee*s  experiments  at  Shef- 
field, 33fi  ;  clean  si  r  g  in  Paris, 
SSB;  M.  Tailfer's  machine, 
388 ;  general  observations  on 
cleansing  of,  3M^392  ;  defctruc- 
tion  of  pavements  by  water 
and  gas  companies,  391 ;  com- 
parative facility  of  scavenging 
asphalte  and  block  pavements, 
39L  322 

Boads,  construction  of,  40^  IS 
(See  Construction  of  Roads) 

Boads,  exploration  for,  21  (See 
Exploration  for  Roads) 

Boads  in  France : — old  roads,  18 : 
Tr^saguet's  roads,  19;  Mac- 
adam's system  adopted,  19 ; 
horse-roller  adopted,  20 ;  mo- 
dem macadamised  roads  in 
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France,  155;  M.  Dnmaa  on 
their  construction,  ;  rolling 
and  watering,  131 

Roads,  metalled  or  macadamised 
(See  Macadamised  Roads) 

Roads,  mountain,  393-400 

Roads,  old  country,  3  ;  Mr.  Mac- 
adam's opinion  of,  1 

Reads,  paved,  lilS  (See  Pat>tfrf 
Roads  and  Streets) 

Heads,  repairing  and  improTing, 
(See  Repairing  and  Jm- 
proving  Roads) 

Roads,  section  of,  (See  See' 
tion  of  Roads) 

Rolling  new-made  roads,  412- 
419 

Rojle,  Mr.,  on  cleansing  of  streets 
of  Manchester,  383 


SALFORT),  cleansing  tlie  streets 
of,  380 

Sandstone,  strength  and  absorb- 
ent power  of,  126 ;  laterite  in 
India,  122  ;  for  footpaths, 
128;  composition,  weight  and 
strength,  L2S ;  comparative 
durability,  12fl 

Sanitary  aspect  of  wood  pave- 
ments, 24^-2>?0 

Sanitary  block  pavement  for 
roads,  296-298 

Sanitary  block  pavement  for  foot- 
paths, 349.  35fl 

Sanitary  Block  and  Tile  Pave- 
ment CJo.,  Ltd., 

Scoriae  paving  bricks  or  blocks, 
319.  320 

Scraping  machines  for  macadam 
roads,  &S 

Section  of  roads,  65 ;  limits  of 
gradients,  Sii ;  width  and  trans- 
verse section  of  roads,  0ii ;  Mr. 
[Macadam  on  the  section  of 
roads,  6S ;  Mr.  Walker  on  the 
section  of  roads,  70  ;  and  on 
drainage,  ZD  ;  best  form  of  ac- 
tion, 11  ;  section  of  the  bed, 
12  ;  Mr.  Hughes  on  the  form 
of  the  bed,  12  ;  drainage  of  the 


road,  7i;  footpaths,  12 ;  brush- 
wood substructure  in  marshy 
soils,  77x  81 ;  imperfect  seo* 
tions,  &4 
Sections,  working,  for  roads,  ^ 
Sett  paving,  combination,  324* 

a25 

Seyssel  asphalte,  131^  1B2 
ShefiEleld,  cleaning  the  streets  at, 

Side»cutting8,  43 
Sidewalks,  112 
Slipless  asphalte  stones,  253 
Slipperiness  of  pavements,  com- 
parative, 329j  2i2tl 
Size  of  blocks  for  wood  pavement^ 

242,  243 
Slopes,  43^  45 

8mith,  Mr.  J.  P.,  on  macadamised 
roads  in  Birmingham,  1A5 

Smith,  Mr.  Walter  Alexander,  on 
hard- wood  paving  in  Sydney, 

243.  245.  241 

Soci6t6  Fran^aise  des  Asphaltes, 

292,  293,  300,  305,  3116 
Society  of  Arts,  Report  of  Ck)in- 

mittee  of,  on  Traction  on 

Roads,  2M 
Special  suitableness  of  road -roll* 

ing  to  a  moist  dimate,  42D 
Spoil-bank,  60 

Staffordshire  blue-brick  pave- 
ments, 21fi 

Stavton,  Mr.,  on  method  of 
blockhig  at  intersection  of 
streets,  220 ;  on  use  of  blocks 
cut  from  Swedish  yellow  deals, 
220^222 ;  rule  by  for  level  and 
contour  of  road,  22fi ;  on  found- 
ations, 22E ;  on  method  of  lay- 
ing wood  blocks,  22d ;  on  pre- 
serving timber,  2fiO  ;  on  annual 
cost  of  various  wood  pavements, 
218 

Stead's  wood  pavement,  15 

Stone  curbs,  365-:j67 

Stone  pavement,  ISA ;  City  of 
London,  IfiS ;  early  paving, 
169  ;  pavement  of  Kin^  Wil- 
liam Street,  110  ;  table  of  early 
pavements,  171 ;  table  of  cost 
lor  repairs  of  early  pavement, 
172 ;  introduction  of  three- 
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indb  seta  ;  extent  of  pavement 
in  the  City,  173,  mj  the 
Enston  pavement,  115 ;  ex- 
peiimental  paving  in  Moorgate 
Street,  117  ;  granites  that  have 
been  tried,  119  ;  rotation  of 
paving  stones,  IBD  ;  traffic  in 
the  City,  Ifil ;  duration  of 
pavements,  183,  lfi7  ;  cost,  184, 
187 ;  London  Bridge,  iM; 
Blackfriars  Bridge,  ifi ;  typi- 
cal sections  and  plans  of  a 
fifty-feet  street,  188  ;  Sonth- 
irark  Street,  Ifil,  Liverpool, 
193  ;  extent  of  pavement  in 
1861, 1S3  ;  cost  for  construction 
of  set  pavements,  IM ;  of  boul- 
der pavements,  IM  ;  and  of 
macadam,  IM ;  cost  of  main- 
tenance of  pavements,  IdL 
Manchester,  IM  ;  bonlder 
pavement,  198 ;  construction 
of  set  pavement,  with  asphalte 
jointing,  IM:  cost  of  pave- 
ments, 2M  ;  wear  of  granite 
pavements  in  the  City  of  Lon* 
don,  203 

Stone  tramways,  20S  * — Commer- 
cial Road,  by  Mr.  Walker,  205 , 
resistance  on,  2Qfl ;  in  Northern 
Italy,  described  by  Mr.  P.  Le 
Neve  Foster,  Jun.,  2M:  prices 
in  Milan,  21± ;  wheel-tracks  of 
asphalte, 

Stones  used  in  the  construction  of 
roads,  122  (See  MateriaU 
ployed) 

Stone's  slipless  asphalte  pave- 
ment, 2^ 
Stone's  wood  pavement,  268 
Streets,  iypical : — fifty-feet  street 
for  the  City  of  London,  188  ; 
Southwark  Street,  ISl 
Stuart's  granolithic  stone,  338 
Stuart's  granolithio  laid  in  sUu, 
351-354 

Subsidiary  applications   of  the 

steam  road  roller,  421-423 
Subsidiary    advantages   of  the 

steam  road  roller,  12^ 
Sunderland,  cost  of  maintenance 

of  macadam  roads  at,  by  Mr. 

D.  Balfour,  mi 


Superiority  of  Hard-woods  for 

paving  purposes,  229,  22Q 
Sweeping  machines,  Whitworth*% 
108,  878,  ai^;  Tailfer^a  a88 


LB,  of  weight,  horse-powei 
and  wheels  of  vehicles  for 
common  roads,  7 ;  length  of 
metalled  roads  in  1868-69,  ID ; 
dimensions  of  stones  recom- 
mended for  paving,  13j  side 
widths,  A2 ;  results  of  traction 
force  to  draw  21  cwt.  on  a 
level,  52 ;  resistance  to  traction 
on  inclined  roads,  58^  59j  values 
of  resistances,  66;  gradients 
and  angles  of  inclination  of 
roads,  01 ;  contents  of  cuttings 
or  of  embankments,  118,  119 ; 
crushing  resistance  of  granites, 
124 ;  crushing  strength  and 
absorbent  power  of  various 
stones,  125  ;  relative  wear  of 
granites,  123  ;  composition, 
specific  gravity,  and  strength 
of  sandBtones,  12S;  crushing 
resistance  of  timber,  1^  ;  wear 
of  wood  blocks  in  eighteen 
months,  183 ;  work  done  by 
horses  per  hour  and  per  day, 
140;  weight  of  vehicles  and 
w  idth  of  tires  on  common  roads, 
L12  ;  deterioration  of  common 
roads,  144  ;  analysis  of  crust  of 
macadam  road,  146  ;  cost  of 
maintenance  and  cost  of  mate- 
rial, 14& ;  macadamised  roads 
in  Loudon,  annual  cost  of  main- 
tenance, 152;  oost  of  mainte- 
nance, 158;  cost  of  maintenance 
of  suburban  highways,  Ml  ; 
cost  of  maintenance,  cleansing, 
and  watering,  Birmingham, 
151 ;  total  cost  for  macadam  for 
fifteen  years,  L58 ;  macada- 
mised streets,  cost  of  mainte- 
nance and  cleansing,  MB  ;  esti- 
mated cost  for  paving  and 
maintaining  five  streets,  IM ; 
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conrparatiye  costs  far  granite 
pavement  and  macadam,  L61 : 
average  annual  expenditure  of 
highways,  IQl ;  earliest  car- 
riage way  granite  pavements 
in  leading  thoroughfares,  ill ; 
ooet  for  reparation  of  carriage- 
way pavements,  122  ;  lengths 
of  various  kinds  of  pavement  in 
the  City  of  London,      ;  expe- 
rimental paving  of  Moorgate 
Street,  111 ;  experimental  pav- 
ing in  Moorgate  Street,  cost  of 
reparations,  118 ;  experimental 
paving  in  Moorgate  Street, 
comparative     volume,     118  ; 
nuniber  of  vehicles  which  tra- 
versed fifteen  thoroughfares  in 
London  in  twelve  honrs,  181, 
182  ;  duration  of  granite  pave- 
ments in  some  principal  streets 
in  the  City  of  London,  183,  IM ; 
estimated  duration  and  cost  of 
granite  pavements  in  principal 
carriage  ways  in  the  City  of 
London,  18S  ;  cost  for  construc- 
tion per  square  yard  of  the 
carriage  ways  of  six  streets  in 
different  localities  in  Liverpool, 
Greywack^  set  pavement,  IM  ; 
cost  for  construction  per  square 
yard  of  the  carriage  ways  of 
six  streets  in  different  localities 
in  Liverpool,  Boulter  pave- 
ment,  IRa ;  annual  cost  for 
maintenance  of  twenty-seven 
streets,  deduced  from  the  aver- 
age  charges  for  three  years  in 
Liverpool,  197 ;  wear  of  car- 
riage-way pavementfl  in  the 
City,  Aberdeen  granite  stones, 
203 ;  wear  of  carnage-way  rela- 
tive  to   intensity  of  traf&o, 
Aberdeen  granite  j>toneB,  204, 
20/)  ;  wear  and   duration  oi 
granite  pavements,  206 ;  reca- 
pitulation of  data  on  the  wear 
and    duration    of  Aberdeen 
granite  pavements,  207  ;  sche- 
dule of  prices  of  stone  tram- 
ways in  Milan,  214;  cost  of 
Carey's   wood   pavonent  in 
Graoechurch  Stz^et,  City  of 


London,  282 ;  cost  of  the  throe 

successiive    pavements,     282 ; 
Carey's  wood  pavement  in  Min- 
cing Lane,  28ii ;  Carey's  wood 
pavement  in  the  City  of  London, 
234.  2^ ;  strength  of  different 
woods,  2M ;  wood  pavements 
in  the  City  of  London,  270,  211  ; 
wood  pavements  in  ^o  Metro- 
polis, 271 ;  cost  of  wood  pave- 
ments, 272  ;  first  cost  of  wood- 
pavements  in  the  Metropolis, 
21  it;  report  of  special  committee 
of   the    Paddington  Vestry, 
276 ;  the  cost  of  karri,  jarran, 
and  creosoted  deal,  277 ;  annual 
cost  of  various  wood  pavements, 
228  ;  abrasive  wear  of  wood 
pavement,  229 ;  estimated  dura- 
tion of  wood  pavement,  281  ; 
life  of  various  wood  pavements, 
282 ;  comparative  wear  of  wood 
pavements  as  reduced  to  traflio 
standard,  288;  extent  of  as* 
phalte  carriage  -  way  pavements. 
City  of  London,  300  ;  duration 
and  relative  wear  of  asphalte 
pavements,  303^  304,  305^  306  ; 
wear  of  asphalte  pavement,  307; 
period  of  maintenance  of  various 
asphalte  pavements,  809  ;  cost 
of  asphalte  pavements  laid  and 
maint^ed  by  contract,  310 ; 
comparative  cost  and  duration 
of  granite,  wood,  and  asphalte 
pavements,  3M;  comparative 
cost  of  various  road  surface, 
327  ;  average  cost  of  foot  pave- 
ments, 829  ;  comparative  slip- 
peiiness  of  carriage-way  pave- 
ments, 330  ;  comparative  cost 
of  brick  paving  in  London  as 
compared  with  other  matijrials, 
882 ;  composition  of  mud  from 
stone-paved  streets,  horse  dung, 
and    farm -yard    dung,    375 ; 
sweepings  removed  from  Man- 
chester streets,  377  ;  results  of 
experiments  in  washing  car- 
riage-way pavements,  City  of 
London,   885 ;    resistance  of 
vehicles   on   common  roads, 
406  ;  resistance  to  traction  on 
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oommon  roads,  407 ;  reeulte  of 
tests  as  to  resistance  to  traction 
of  agricultural  carta  and  wag- 
gons at  Bedford,  4M ;  tractive 
force  required  to  draw  a  stage 
ooaoh,  409  ;  performance  of 
horses  on  roads  in  France,  41Q ; 
mean  values  of  co-efBeients  of 
traction,  411 ;  cost  of  steam- 
rolling  on  roads  in  France,  iS7  ; 
cost  of  steam  road-rolling  and 
scarifying,  488-441  ;  condition 
of  asphalte  and  wood  carriage- 
way pavements  in  the  City  of 
London,  44  2-455 
Tailfer's  sweeping  machine,  383 
Tar  footpath  pavements,  359-366 
Tayler,  Wallis-,  table  of  cost  of 
steam-rolUng  and  scarifying, 
438-441 

Taylor,  Mr.  W.,  on  the  Euston 
pavement,  175  ;  comparative 
cost  of  macadam  and  paved 
roads  in  Birmingham,  1^ 

Tees  Scoriae  paving  bricks,  319, 
32Q 

Telford,  his  early  experience,  9  ; 
his  system  of  road -  making,  10^ 
8ii ;  his  system  of  pavement  Yat 
London,  12;  on  the  wear  of 
roads,  111 
Tile  footpath  pavements,  349, 350 
Tools  or  implements  formerly 
employed  in  the  repair  of  roads, 
8^ 

Traction  on  various  road  surfaces, 

m 

Traction,  resistance  to,  61,  iOl 
(See  Resistance  to  TraetiorCj 

Tramway,  stone,  2112  (See  Stone 
Tramways) 

Trap  rocks,  125 

Tresaguet's  roads  in  France,  18,19 
Tresca,  M.,  on  the  resistance  of 

an  omnibus,  407 
Trinidad  asphalte  pavement,  296, 

296 


UNITED  STATES,  introduc- 
tion of  improved  road 
pavement  from,  237  ;  asphalte 
pavements  in,  287'290 ;  use 


of  brick  pavements  in,  «312-318 ; 
cost  of  brick  pavements  in,  329 

VAL  DE  TRAVERS  asphalte, 
130.  m 

Val  de  Travers  asphalte  pave- 
ment, (See  Asphalte,  Val 
do  Travers  Favemeni) 

Various  experimental  pavementSi 
25D 

Various  other  types  of  bricks 

employed  for  paving  footpaths, 

350 

Various  preservative  processes, 

255,  262 
Various  road  surfaces,  traction 

on, 

Vehicles  on  common  roads  in 
1809,  2 

Victoria  Stone  paving,  339,  340 
Vitrified  brick  for  road  paving 

purposes,  best,  316,  317 
Vitrified  brick  for  paving  foot- 
paths, 3M 

WALKER,  MR.,  on  the  sec- 
tion of  roads,  20 ;  on  drain- 
age, 20 ;  on  iron  scraps  as  a 
binding  material,  SI ;  on  close 
fences,  1117 ;  on  the  wear  of 
granite,  126  ;  introduction  of 
&ree-inch  sets  by,  173  ;  stone 
tramways  in  Commercial  Road, 
209 

Watering  streets  (See  Eoads  and 

StreetSf  Ckaming  of) 
Wear  of  macadamised  roads,  138, 

140, 144,  147,  148, 155, 166i  IM 

Wear  of  pavements ;  stone,  202  ; 

asphalte,   301^   302^  307-309; 

holes  and  short  holes  in  asph  al  te, 

301,302;  wood.251, 257.274-283 
Wear  of  stone,  comparative,  12fi 
Whinery's   asphalte  pavement, 

294,  295 

Whitworth's  sweeping  machine, 

103.  378,  379 
Wilson's  wood  payment,  268,  269 
Wood,  lai;  its  crushing  resist- 
ance, 1^ 
Wood  and  stone  pavements,  com- 
pound, 822 
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Wood  pairemeiiti,  231«283,  279- 

283 

Wood  pavements  in  the  Citj  of 
London,  21G,  270^  211 

Wood  paveraont  in  Russia,  L3  ;  in 
the  United  States,  U  ;  Stead's 
pavement,  1& ;  De  lisle* s  pave- 
ment, Ifi;  general  conditions 
of  wood  pavements,  216-230 ; 
Carey's  wood  pavement,  17, 
231-236,  213;  improved  wood 
pavement,  237-241.  272,  278, 
274  ;  Liguo-minoral  pavement, 
263,  264,  270, 273, 21i  ;  asphal- 
tic  wood  pavement,  264-266, 
272,  213;  Harrison's  wood 
pavement,  266 ;  Henson*8  wood 
pavement,  266i  267,  273  ;  Nor- 
ton's wood  pavement,  261 ;  I 


Mowlem*8  wood  pavement,  267, 
268,  273 ;  Stone  s  wood  pave- 
n^nt,  268;  Gabriel's  wood 
pavement,  268i  271 ;  Wilson's 
wood  pavement,  268,  269 

Wood  paving  blocks,  creosoting, 
256-260  ;  preserving,  265-262 

Woods  employed  at  the  present 
time  for  paving  purposes,  prin- 
cipal,  220-225 

WooUiscroft,  Messrs.  George  and 
Son,  Ltd.,  hack  paving,  319, 
332 


YORKSHIRE  paving,  191^  129 
Young,  Arthur,  on  the  old  roads,  3 
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THE     MUNICIPAL"  SET 

DRAIN  CLEARING  APPARATUS 

As  supplied  to  His  Majesty's  Government  (War  Department), 
Corporations,  Townships,  and  District  Councils  throughout  the 
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CARLYLE  WORKS,  CHELSEA,  LONDON,  S.W. 


Full  List  of  DRAIN  and  SEWER   TesUug  and  Clearing  Appliances 

on  application. 
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BEORGE  WOOLLISCROFT  &  SON 

LIMITED, 

HANLEY,  STAFFS. 

Telff^riims  :    *'  Woolliscroft,  Hanley." 


Special  Bricks  for  Carriageway  Paving ;  also  for  Footpaths, 

And  Red  and  Blue  Staffordshire  Goods.  Facing,  Paving,  and 
Stable  Bricks,  Roof  Tiles,  Ridges,  Finials,  Quarries'  Clinkers,  dc. 


COPINGS  MADE  BY  OUR  OWN  PATENT  MACHINE. 


f^OOFTILES 


BLUE 
BRINDLED 


2&a  SdUARE STABLE  BRICKS 


Sole  Manufacturers  of 
**  Etruria-Hydraulic  " 
and 

'*  Ironstone-Adamant  '* 
Floor  Tiles. 


GLAZED  TILES  OF 
E  VERY  DESCRIPTION. 


SANITARY  GOODS 
AND  FITTINGS,  &.c. 


Catalogues  and  Prices  on  application. 

London  Offices:  76a,  Great  Portland  Street,  Oxford  Circus. 


L^dcn  Telegrams:   "Blizzard,  London.'' 
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In  the  preparation  of  this  volume  the  Editor  has 
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REFRIGERATING 

AND 

ICE-MAKING  MACHINERY 

A  DESCRIPTIVE  TREATISB  FOR  THE  USE   OF  PEJ^.sOjVS 
£AfPLOV/Aii  REFRIGERATING  AND  ICE-MAKING 
INSTALLATIONS,  AND  OTHERS. 

By  A.  J.  WALLIS-TAYLER,  C.E., 

ASSOC.  MEMBER  INST.  CE. 
AOTNOR  OF  "  MODERN  CYCLSS,**  ETC* 


"It  is  one  of  the  best  compilations  on  the  subject.   The  descriptions  of 

the  different  refrigerating  machines,  and  the  principles  on  which  they  act,  arc 
described  with  an  inteliij:;cnt  n|)prcciation  of  the  means  and  the  end, 

"  Ihe  work  maybe  lecuniinended  a>  a  u^c^ul  descrij)iion  of  tlie  machinery, 
the  prucessei*,  and  of  the  facts,  figures,  and  talulaled  physics  of  refrigera- 
ting."—Engineer. 

The  author  has  considerable  ground  to  cover,  which  he  accomplishes  in 
a  clear  and  concise  manner.  We  recommend  the  book,  which  gives  the  cost 
of  various  systems,  and  illustrations  showing  details  of  ]^arts  of  machinery  and 
general  arrangements  of  complete  installations." — Builder. 

*'  A  well-written  book,  containing  much  valunble  informnti-.ri  on  an  im- 
portant subject.  It  maybe  recommended  as  a  thoroughly  useful  work." — 
Industries. 

"The  author  deals  with  the  subject  of  refrigerating  in  a  thorouf^hly 
practical  manner.  All  the  principal  machines  in  general  use  are  fully  described 
and  illustrated. 

'*The  application  of  refrigerating  in  onr  various  industries  is  dealt  with, 
aiid  a  special  chapter  is  given  to  ice-making,  and  details  of  the  plant  employed 
for  this  purpose." — ^Dally  Chronicle. 
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CROSBY  LOCKWOOD  AND  SON, 
7»  STATIONERS*  HALL  COURT,  LONDON,  £.C 

1904. 
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CIVIL  ENGINEERING  dc  SURVEYING. 

y  By  Henry   Law,   M.Tnst.C.E.    Including  a  Treatise  on  HvDPiArLTC 

Engineering  by  G.  R.  Burnbll,  M.I.CK  Seventh  Edition,  revised, 
with  Large  Additions  fay  D.  K*  Clark,  M.I.CE.     •     •     .  6/8 

Plon««r  Bnglneering : 

A  Treatise  on  the  Engineering  Operations  connected  with  the  Settlement  of 
Waste  Lands  in  New  Countries.  By  Ei>waku  Dobs#n,  M.Inst«C.£. 
With  numerous  Plates,  beoond  Edtdoti  4/S 

Iron  Bridges  of  Moderate  Span: 

Their  ConMruction  and  Election.    By  Hamilton  W.  Pendrkd.    With  40 

l!histr.'iiioiis  ,  2/0 

Iron  and  Steel  Bridges  and  Yiaduots. 

A  Practical  Treati>c  upon  their  Construction  for  the  use  of  Engineers, 
Draughtsmen,  and  Students.  My  Francis  Campin,  C.E.  With  IllttS.  3/6 

Constructional  Iron  and  Steel  Work, 
^               As  applied  to  Public,  Private,  and  Domestic  liuildin^     By  Francis 
CAMriN,  C.E   • '    .     .     •      .  3/6 

Tubular  and  othor  Iron  Qirdor  Bvidgos. 

Describing;  the  Britannia  and  Conway  Tttbulftr  Bridges.   By  G.  DXVSDALB 

Demi'Sev,  C.E.    Fourth  Edition  2/0 

and  Construotion: 


A  Theoretical  and  Practical  Treatise  on  tlw  StnunSi  Desigiiing,  and  Sree* 
tion  of  Works  of  Construction.    By  Francis  Cammm,  C.E.    .      .  3/0 

Sanitary  Work  in  the  Smaller  Towns  and  in  Villages. 

By  Charles  Slagg,  Assoc.  M. Inst. C.E.    Third  Edition       •      •  3/0 

Construction  of  Roads  and  Streets. 

By  H.  Law,  CE.,  and  D.  K.  Clark,  CE.  Sixth  Editioii,  fevised,  with 
•  Additional  Chapters  by  A  J.  Wallis>Taylbr,  A,M,  Inst.  C.E.     .  6/0 

Oas  Works, 

Their  Construction  and  Arrangement  and  the  Manufacture  and  Distribu- 
tion  of  Coal  Gas.  Originally  written  by  S.  Huchbs,  CE.  Ninth  Edition. 
Revised,  with  Notices  of  Recent  I mprovenu-nis,  bv  Hf.nrv  O'QONltBIt, 
A.M.  Inst.  C.E.,  Author  of  '  The  Gas  Kngineers'  Pocket  Book.*' 

i/wstMMsM,  6/0 

Water  Works 

Z'  For  the  Snpp'y  of  Cities  and  To«  n<;.    With  a  D'"=;'^r!ption  of  the  Principal 

(•eoloRical  i  oniiatiuns  of  England  as  influencing  Supplies  of  Water.  By 
Samitb].  Hughes,  F.G.S.,  CE.  Enlarged  Edition  .      .      .      .  4/0 

The  Power  of  Water, 

As  applied  to  drive  Flonr  Mills,  and  to  give  motion  to  Turbines  and  other 
.  Hydrostatic  Engine.*;.   By  Jossfh  Glykn,  F.R.S.   New  Edition  .  2/0 

Wells  and  Well-Sinking. 

By  John  Gko.  Swinukll,  A.R.I.B  A.,  and  G.  R.  BtJRNKLL,  C.E.  Revised 

Kdi!ion    With  a  New  ApptMi:!ix  on  the  Qualities  of  Water.  Ilhistrated  2/0 

The  Drainage  of  Lands,  Towns,  and  Buildings. 

By  G.  D.  DEMfSEY,  CE.  Revi.sed,  wuh  large  Additions  on  Recent 
Pracdce,  by  D.  K.  Clark,-  M.LCE.  Third  Edition     .     .     .  4/6 

The  Blasting  and  Quarrying  of  StonOi 

For  Building  and  other  Purposes.     With  Remarks  OH  llia  Blowing  up  of 

Bndkjjes.    By  Gen.  Sir  J.  Ik'inujVNE,  K.C.B   |/6 

Foundations  and  Concrete  Works. 

Wiih  Practical  Remarks  on  Footings,  Plankina,  Sand,  Concrete  B^ton, 
PilcHlriving,  Caisisons,  and  Cofferdam^  By  £.  Dobson.  Ninth  £d«  |/6 
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Pneumatics, 

Including  Acoustics  and  the  Phenomena  of  Wind  Currents,  for  the  Use  of 

Beginners.    By  Chari.ES  ToMLiNSON,  F.  R.S.    Fonith  Editioo     •  t/6 

Land  and  Engfineering  Surveying. 

For  Students  and  Practical  Use.  ByT.  Baker,  C.£.  Nineteenth  Edition, 
Revised  and  Extended  by  F.  E.  DiXON,  A.M.  Illlit.CE.,  Professional  Asso- 
ciate of  the  Institutiun  of  Surveyors.  With  numeroas  Illustrations  and  twe 
Lithographic  Plates  2/0 

lEwsiiratiop  and  Meaamlng. 

For  Students  and  Practical  Use.  With  the  Mensuration  and  LevelUns  of 
Land  for  the  purposes  of  Modem  Engineering.  By  T.  Baku,  C.B.  New 
Edition  by  £.  NvGBHT,  CE.  1/6 

MINING  AND  METALLURGY. 
MlBing  Oalonlations, 

For  the  use  of  Students  Preparing  for  the  Examinations  for  Colliery 
Managers'  Certificates,  comprising  numerouH  Rules  and  Examples  in 
Arithmetic,  Algebra,  and  Mensuratkm.  By  T.  A.  0*DONAMini^  M.S.. 
First-Class  Certificated  Colliery  Manager.  3/6 

Mineralo^, 

Rudiments  of.  Ry  A.  Ramsay,  F.G.S.  Fourth  Edition,  revised  and 
enlarged.    Woodcuts  and  Plates*      •••••••  3/6 

Coal  and  Coal  Mining, 

A  Rudimentary  Treatise  on.  By  the  late  Sir  Wakington  W.  Smyth, 
F.R.S.  Eighth  Edition,  revised  by  T.  FossTBit  Brown  .  .  3/6 

Motalliiri^  of  Iron. 

Contaming  Methods  of  Assay,  Analyses  of  Iron  Ores.  Processes  of  Manu- 
facture of  Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S.  With  numerous 
Illtistrations.   Sixth  Edition,  revised  and  enlarged    ....  6/0 

Tha  Mineral  Surveyor  and  Valuer's  Complete  Guide. 

By  W.  LiNTBRN.  Fourth  Edition,  with  an  Appendix  on  Magnetic  and 
Angular  Survejring  3/6 

Blata  and  Slate  QuavpjrtBtf: 

Scientific,  Practical,  and  Commercial.  By  D.  C.  Davibs,  F.O.S.  With 
numerous  Illustrations  and  Folding  Plates.    Fourth  Edition     •       •  3/0 

A  First  Book  of  Mining  and  Quarrying, 

With  the  Sciences  connected  therewith,  fur  Primary  ScbooU  and  Stlf-In- 
struction.    By  J.  H.  Collins,  F.G.S.    Sectmd  EdttiOQ   •      .  'I/O 

Subterraneous  Surveying, 

With  and  without  the  Magnetic  Needle.  By  I.  Fen  wick  and  T.  Baxba, 
CE.    Illustrated  2/6 

Mining  TooU. 

Manual  of.  By  William  MorganSi  Lecturer  on  Practical  Minbg  at  the 
Bristol  School  of  Mines  2/6 

Mining  Tools,  Atlas 

Of  Engravings  to  Illustrate  th4  above,  containing  235  Illustrations  of  Mining 
Tools,  drawn  to  Scale.   4to  4/6 

njsioal  Qaology, 

PteCly  based  on  Major  General  Portlock's  "RndiflMats  «f  Geology." 
By  Ralph  Tate,  A.L.S.,  Ac   Woodcuts  2/0 

Historical  Geology, 

Partly  based  on  Major-General  POKTLOCK't  "  RndinMBta."  ^Raun 

Tate,  A.L.S.,  &c.    Woodcuts  2/6 

Qaology,  Physical  and  Historical. 

Consisting  of  "Physical  Geology,"  which  sets  forth  the  Leading  Principles 
of  the  Science;  and  "Historical  Geology,"  which  treats  ti0  the  Mineml 
and  Organic  Condition.^  of  the  Earth  at  each  successive  epodu  By  Ralfm 
Tats,  F.G.S.      .....*..  .      .  4/6 
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MECHANICAL  ENGINEERING. 
Thm  Workmui*s  Kaaval  of  Bntfineeriii^  Dvavin^. 

!'.y  J()HN  M  axton,  Instructor  in  I".n;4iiK  rrinj:  Drawinc,  Royal  Naval 
College,  Cfreenwich.    Eighth  Edition.    300  IMates  and  Diagrams    «  3/6 

Fuels:  Solid,  Liquid,  and  Gaseous. 

Tliflr  Analysis  and  Valuation.  For  the  Use  of  Chemists  and  Engineers. 
By  H.  J.  Phillips,  F.C.S.,  formerly  Analytical  and  Consulting  Chemist 
to  the  Great  Eastern  Railway.   Fourth  Edition*      .     •      .  .2/0 

Fuel*  Its  Oombustlon  and  Boonomy. 

Consisting  of  an  Alu  idgmem  of  "  A  Trcnti-e  on  the  Combustion  of  Coal  and 
the  Ihrevention  of  Smoke.  "  By  C.  W.  Williams,  A.I. CE.  With  £xten> 
sive  Additions  by  D.  K  Clark,  M.Inst.C.E.   Fourth  Edition      .  3/6 

The  Boilermaker*s  Assistant 

In  Drawing^  I  eiiiplating,  and  Calculating  Boiler  Work,  &c  By  J.  Court- 
KRV,  Practical  Boilermaker.    Edited  bv  D.  K.  Clark,  C.£.  .  2/0 

The  BoileF-Maker*s  Ready  Reokoner, 

With  Exani|>Ies  of  I'laotic.il  (ienmctry  and  Teniijlating  for  the  Use  of 
Platers.  Stniths,  and  Riveters.    Hy  John  Cuuktnev.    Edited  by  D.  K. 

Ci.AKK,  M.l.C.E.    Fifth  Edition  4/0 

Thf  last  hvo  H'ork^  in  On''  I  'l  lunte^  luxlt-bound^  entitled  "Thk  Boiler- 

makkr's  Reauy-Reckonkk  and  Assistant."   By  J.  Courtney  and 

1).  K  Clark.  Price  7 10* 

Bteam  Boilers : 

Their  Construaion  and  Management.  By  R.  ArmstronGi  C  £.  Illustrated 

1/6 

Steam  and  Maohlnevy  Management. 

A  (inide  to  the  Arr.inceinent  and  Economical  Management  of  Machinery. 
By  M.  Powis  Bale.  Nl.Inst.M  E  2/6 

Steam  and  the  Steam  Bn^ne, 

Stationary  and  Poriable.  B  ing  an  Extension  of  the  Treatise  on  the  Steam 
Engine  of  Mr.  J.  Sewell.   By  D.  K.  Clark,  C.E.  Foiurth  Edition  3/6 

The  Steam  Engine, 

A  Treatise  on  the  Mathematical  Theory  0^  with  Rul—  ROd  RxRWiples  for 

Practical  Men     Hy  a  .  HakBR,  CE.  1/6 

The  Steam  Engine. 

By  Dr.  Lardner.   Illustrated   .  .  .      •  1/6 

IiOOOmotive  Engines. 

By  G.  D.  DEXtF^KV,  C.E.   With  large  Additions  treating  of  the  Modem 

Ixicomotive.  by  D.  K.  Clakk,  M.Inst.C.E  3/0 

liOeomotive  Engine-Driving. 

A  Practical  Manual  for  Knt.'iiit<Ts  in  charge  of  Locomotive  Engines.  By 
Michael  Rky.nolijs.    Elevonili  Edition.    3^.  Od'.  ;  cloth  boards    .  4/6 

Stationary  Engine-Driving. 

A  Practical  Manual  fur  Jliitzincers  in  charge  of  Stationary  Engines.  By 
MiCMAKi.  Kkv.nolus.    Seventh  Edition.    3;.  6</.  ;  cloth  boards      .  4/o 

The  Smithy  and  Forge. 

Including  the  Fanicr'jt  Art  and  Coach  Smithing*  By  W.  J.  B.  Crank. 
Fourth  Edition   .      .       •      •  2/6 

Modern  Workshop  Practice, 

As  applied  to  Marine,  Land,  and  Locomotive  Engines,  Floating  DodcR, 
DrcdKinc  M.H-hines,  P.n«lges,  Ship-building,  &c.  By  J.  G.  Wintom. 
Fourth  Ediiioit,  Illustrated  3/6 

Meohanioal  Engineering. 

Comprisiiii;  Mt-tallurgy,  MnuMink;,  Casting,  Forging,  Tools,  Workshop 
Machinery,  Mechanical  Manipulation,  Manufacture  of  the  Steam  EngiM, 
&C.    By  Francis  Campik,  C.E.  Third  Edition      .      .      •  ^  •  2/6 
Details  of  Machinery. 

Comprising  Instructions  for  the  Execution  of  various  Works  in  Iron  in  the 
Fitttng-Sh(^,  Foundry,  and  Boiler. Yard.  By  Framos  Campin,  C.E.  3/0 
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£SlQinentary  Bn^ineering : 

A  Manual  for  Young  Marine  Kngineeraand  Apprenticei.   In  thv^^Ofm  of 

Questions  and  Ai.  .  rts  on  Metalx,  AlloySf  Strength  of  MatCfiala,  &c. 

By  j.  S.  Bkewer.    Fiitb  Edition  1/6 

Power  in  Motion: 

Horse-power  Motion,  Tooihed-VVheel  Gearing,  T-ong  and  Short  Driving 
Bands,  Angular  Forces,  ftc  By  Jamb»  Armouk,        Third  EdUion  2/0 
Iron  and  Heat* 

Exhibiting  the  Principles  concerned  in  the  Comtrnctkm  of  Iron  Beams, 

Pillars,  and  ( 'ir-'ers.    By  J.  ARMOUR,  CE  2/6 

Practical  Mechanism, 

And  Machine  Touls.  By  T.  Bakkr,  C.E.  With  Remarks  on  Tools  and 
Machinery,  by  J.  NaSMYTH,  CE.      *...•«.  2/6 

Mechanics : 

Being  a  concise  Expu.siiion  of  the  General  FrinciplcH  of  Mechattical  Science, 
and  their  Applications.    By  Charlbs  Tomlinson,  F.R.S.     .  .1/6 
Onmes  (The  Construction  of), 

And  other  Machinery  for  Kai&ing  Heavy  Bodies  for  the  Erection  of  Build* 
ing*,  ftfr  By  JossrM  Glvmn,  F.R.S.     .     .  .     •  .1/6 


NAVIGATION,  SHIPBUILDING,  ETC. 
Thm  Sailor*s  Sea  Book: 

A  Rudimentary  Treatise  on  Navigation.  By  Jambs  Greenwood,  BlA. 
With  numerous  Woodcuts  and  Coloured  Plates.  New  and  enlarged 
Edition.    By  W.  H.  Rosser      ........  2/6 

Consisting  of  The  Sailor's  Sea-Book,  by  Jamrs  Gki  knwood  and  W.  IT 
Rosser  ;  together  with  Mathematical  and  Nautical  I'ables  for  the  Working 
of  the  Problems,  by  Hbnrv  Law,  C.E.,  and  Prof.  J.  R.  Yoi;no.  7/0 

Mavigation  and  Nautical  Astronomy, 

In  Theory  and  Practice.    By  Prof.  J.  K..youi<o.    New  Edition.  2/6 

Mathematical  Tables, 

For  Trigonometrical,  Astronomical,  and  Nautii:al  Calculations  ;  to  which  is 
prefixed  a  Treatise  on  I>ogaritliins.  By  H.  Law,  C.E.  Together  with  a 
Series  of  Tables  for  Navigation  and  Nautical  Astronomy.  By  Professor  J. 
R.  Young.  New  Edition  4/0 

Mastint,  Mast-Making,  and  Rigging  of  Ships. 

Also  Tables  of  Syars,  Rigging,  Blocks  *,  Chain,  Wire,  and  Hemp  Rope«, 
&c.,  relative  to  every  class  of  vessels.    By  Robert  Kipping,  N.A.  .  2/0 

SaUs  and  Sail-Making. 

With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.   By  Rorbrt 

Kipping,  N.A  2/6 

Marine  Bngines  and  Steam  Vessels. 

By  R.  Murrav,  C.E.  Eighth  Edition,  thoroughly  geyittdj  with  Add!' 
tions  by  the  Author  and  by  GOORGB  CaMLISLB,  CE.        .       .       .  4/6 

Naval  Architecture  : 

An  Expo>iUun  of  Elementary  Principles.    By  James  Peaks   .       .  3/6 

Ships  for  Ocean  and  River  Service, 

Principles  of  the  Constructioa  oH   By  U akon  A.  Sohmbrpsldt  •    |  /6 

Atlas  of  BngvavingB 

To  Itlttbtratr  \hr  aS  ve.  Twelve  lari;c  folding  Plates.  Royal  4to,cle«h  7/6 

Thm  Forms  of  Ships  and  Boats. 

By  W.  Bland.  Itnth  Edition,  with  numeroiu  Illustrations  and 
Modcb  .     .   1/6 
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ARCHITECTURE  AND  THE 

BUILDING  ARTS. 

Constructional  Iron  and  Steal  Work, 

As  applied  to  Public.  Private,  and  Domestic  Buildings.  By  Ffuuicis 
Cammn,  CE   3/6 

BaildlBif  Bstates: 

y              A  Treatise  on  the  1  )t:vclopiii«nt,  Sale.  Purchase,  and  Manftgiemeiit  of  Build- 
in g  Land.   By  F.  Mai n.ANn.   Third  Edition  2/0 

Tli#  8oieno«  of  Building  : 

An  Elementary  Treatise  on  the  Principles  of  Construction.  By  E.  Wwn- 
HAM  Tarn,  M.A.  Load.    Fourth  Edition  3/6 

The  Art  of  Building: 

General  Principles  of  Cunstruction,  Strength,  and  Use  of  Materials,  Working 
Drawings,  Specilicationa,  &c   By  Edward  Dobsoh,  M.R.I.B.A.  •  2/0 

A  Book  on  Building, 

Civil  and  Ecclesiastical.  By  Sir  £omuno  Bbckstt,  Q.C  (Lord  Gxim> 
THCHin).   Second  Edition  4/6 

Dwelling>Houses  (The  Erection  of), 

Illustrated  by  a  Perspective  View,  Plans,  and  Sections  of  a  Pair  of  Villas,  with 
Specification,  Quantities,  and  Estimates.  By  S.  H.  Bbooics,  Ardiitect  2/6 

Cottage  Building. 

By  C  Brucr  Allkn.  Twelfth  Edition,  with  Chapter  on  Economic  Cot* 
t^et  for  AUotments,  by  E.  E.  Aubn,  C.E.  2/0 

Aoonfltlos  In  Rotation  to  Arohltootil^  and  Building : 

The  Laws  of  So  in  I  ;  nppHed  to  the  Arrangement  of  Bui!din|^  By  Pro- 
fessor T.  Ko(,RR  ^^m:  ;!;,  K.R.I. 13. A.    Ne.t  i^ditiun,  Revised  •      .  1/6 

Tho  Rudiments  of  Practical  Bricklaying. 

General  Priuciuieb  of  Bricklaying ;  Arch  Drawing,  Cutting,  and  Setting ; 
Milting ;  Pitving,  Tiling,  ftc  By  Adam  Hammond.  With  68  Woodcuu 

1/6 

The  Jj*t  of  Practical  Brick  Cutting  and  Setting. 

ByAoAM  Hammond.  With  90  Engravings  1/6 


A  Practical  Treatise,  embodying  the  General  and  Higl.er  Principles  of 
Bricklaying,  Cutting  and  Setting ;  with  the  Application  of  Geometry  to  Roof 
Tiling,  &C.    ByF.WALXBR  1/6 

Bricks  and  Tllos, 

Rudimentary  Treatise  on  the  Manufacture  of ;  containing  an  Outline  of  the 
Principles  of  Brickmaking.  By  E.  Dobson,  M.R.I.B.A.  Additions  by 
C.  ToMLiNSON,  F.R.S.    Illustrated  3/0 

The  Practical  Brick  and  Tile  Book. 

Comprising:  BniCK  and  Tilk  Making,  by  B.  DobsoNi  1I.Im«t.C.B.; 

Practical  Bricklaying,  by  A.  Hammond;  Bkick-cuttino  aND  Skttinc, 
by  A.  Hammond.    550  pp.  with  370  iuustrations,  half-boimd  .      .  6/0 

Oarpentnf  and  Joinei^^ 

Thb  EumnifTAitY  PmNaPLBS  or  CAHWtwTitv.  Chleflycompoted  ftcn  the 

Standard  Work  of  Thomas  Tritdoold,  C.E.  With  AdditioOi^aadTUATIlB 
ON  JoiNSRV,  by  E.  W.  Tarh,  M.A.    Eighth  Edition      •      •      •  6/6 

Oavpontry  and  Joinery — Atlas 

Of  3S  Plates  to  accompany  and  Ilhistrate  the  foregoing  book.  With 
Descriptive  Loneipress.  410  .  6/0 
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A  Praotloal  Treatim  cm  HftndpftHin^; 

Showing  New  and  Simp  e  Meih  ds.  Uy  Gkc.  Coi.i  ings.  Thild  Edition, 
inctuding  a  Trka  risf-  on  S  pai KuriMn With  Plate-s  .       .       ,  2/d 

Civoular  Work  in  Carpentry  and  Joinery. 

A  Practi'^ai  1  reati.se  on  Circular  Work  u(  biagle  and  Double  Curvature. 
By  Gbokgb  Callings.   Fourth  Edition  2/6 

Roof  Carpentry: 

Pnctical  Leaaoa*  in  the  Framing  of  Wood  RooGi.  f*or  the  Use  of  Working 
Carpenters.     By  Gbo.  Coij  ings  2/0 

Thm  Gonstruotion  of  Roofs  of  Wood  and  Iron; 

Deduced  chiefly  from  the  Works  of  Roblton,  Tredieold,  and  Humber.  By 
E.  WvNDHAM  Tarn,  M.A.,  Architect.    Fourth  Edition  .      .  .1/6 

Tha  Joints  Made  and  Used  by  Builders. 

By  Wyvill  J.  Christy,  Architect.  With  i6o  Woodcott      •     •  3/0 

Shoring 

And  it9  Application :  A  Handbook  Tor  the  Use  of  Students.  By  Gborgk 
H.  Blacrovb,   With  31  Illustrations  1/6 

Tha  Timber  Importer's,  Timber  Mavohaiit**,  and 
Builder's  Standard  Goida. 

By  R.  £.  Gkandv  2/0 

Plumbing: 

A  1  ex t- Book  to  the  Praciire  o(  the  Art  or  Craft  of  the  Plumber.  With 
Chapters  u^n  House  Dr.iinage  and  Ventilation.  By  Wlf.  Patom  Buchan. 
Ninth  Ediuon,  with  513  Illustrations    .  3/6 

Yttltilation : 

A  Text  Book  to  the  Practirf  nf  the  Art  of  Ventilating  Buildings.  By  W.  P. 
Blchan,  R.P.,  Author  of  '  i'iumbiiig/' &c.    W  ith  170  Illuiilrations  3/6 

Tha  Practical  Plasterer: 

A  Compendium  of  Plain  and  OrnatiiciiUi.1  11  aster  Work.  Ry  W,  Kemp  2/0 

House  Painting,  Graining,  Marbling,  A  Sign  Writing. 
With  i»  Course  of  Elemeniarv  Drawing,  and  a  Collection  of  Useful  Reorapts. 
By  Ellis  A.  DavIhsom.   Lighth  Edition.  Coloured  Plates  .      .  6/0 

TAi  mSavtt  in  cMh  d^ardt^  titwtgiy  houmd^  6/0 

A  Grammar  of  Golouring, 

Applied  to  Decorative  Painting  and  the  Art"?.  By  George  Field.  New 
Edition,  enlarged,  by  Eli. is  A.  I^aviosom.    With  Coloured  Plates  3/0 

filamentary  Decoration 

Asapplied  to  Dwelling  Houses,  S:c.  By  James  W.  Fachv.  Illustrated  2/0 
Praotical  House  Decoration. 

A  Guide  to  the  Art  of  Ornamental  Painting,  the  Arnmgement  of  Colours  in 
Apartments,  and  the  Principles  of  Decorative  Design.  By  J  amr  W.  Facby 

2/6 

•»*  Tki  last  two  H^orks  in  Om  hamisomt  Vol.^  haif -bounds  entitled  *'  Housn 
Dbcoration,  Elbmbntakv  ano  PBACnCAi^"  /my  6/0* 


Portland  Cement  for  Users. 

By  Hbkrv  Faija,  A.M.lnst.C.B.  *l  hitd  Edition,  Corrected .      .  2/0 

IilmMt  G«ment«»  Mortars,  GonoratOB,  Mastiost  Pla«> 
tering,  fto. 

By  G.  R.  BURNBLL,  C.£.   Fifteenth  Edition  f /3 
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Masonry  and  Stone-Cutting. 

The  Principles  of  Masonic  Projection  and  their  applicauon  lo  Cua:»truction. 
ByEowARD  DoasoN,  M.R.LB.A  2/0 

Experimenul  £i«ay«  on  the  Prindples  of  Cocftniction.    By  W.  Bland. 

^  1/6 

QnantltlMi  and  Heaauroments, 

In  Bricklayers',  Masons',  Plasterers',  Plumbers',  Painiers*,  Paperhangcrs', 
Gilders',  Sinith*;',  Carpenters'  and  Joiners' Work.  ByA.  C.  Bsaton.  t/S 

Tl&O  Complete  Measurer : 

Setting  forth  the  Measurement  of  Boards,  Glass,  Timber  and  Stone.  By  R. 
HORTON.  Sixth  Edition  4/0 

Ouida  to  Buperfloial  Hoasuvamant  s 

Tables  calculated  from  i  t  >  200  inches  in  length,  hy  i  to  io8  inches  in 
braadth.  For  the  u»e  of  Architects,  Surveyors,  Engineers,  Timber  Mer- 
duuitt,  Buiidert»  ftc.   By  Jamks  HAWXiNCt.  Fifth  Edition  .     .  3/6 

Ught: 

An  Introduction  to  the  Science  of  Optics.  For  the  Use  of  Students  of  Archi- 
tecture, Engineering,  and  other  Applied  Sciences.  By  E.  W.  Tarn, 
M.A.     .      .  1/6 

Hints  to  Young  Arohiteots. 

By  Georgb  WiGHTWiCK,  Ardiitect.  Sixth  Edition,  revised  and  enlarged 
by  G.  Husk issnx  GuiLLAUMB,  Architect  3/6 

Avohitecture— Orders : 

1  he  Orders  and  their  il^thetic  PrinciplM.  By  W.  U.  Lekds.  Illustrated. 

1/6 

Avohiteoture — Styles : 

Hie  History  and  Description  of  the  St\4es  of  Architecture  of  Various 
Conntries,  from  the  Earliest  Period.  By  T.  Talbot  Bury  .  .  2/0 
*«*  Orders  and  Stvlbs  or  Architbcturb,  m  Otu  IW.,  3/6* 

Architeoture— Design : 

Tha  Principles  of  Dcsii^n  in  Architecture,  as  deducible  from  Nature  and 
exemplified  in  the  Works  of  the  GrerVc  and  Gothic  Architects.    By  Eow. 

Lacy  Garbett,  Architect    Illustraicu  2/6 

V  The  three  preceding  Wvrkt  in  Oiut  katuUomt  VoL^  half-bound^  emtitkd 
"Modern  AKc:HiTF.CTURB,">rutf  6/0* 

Ptonpeotive  for  Beginners. 

Adapted  to  Young  Students  and  Amateurs  in  Architecture,  Painting,  &c 
By  UBORGR  Pynr   2/0 

Architectural  Modelling  in  Paper. 

By  T,  a.  Richardsok.  With  lUustrationK,  engraved  by  O,  Jxwitt   \  /6 

01am  Staining,  and  the  Art  of  Painting  on  Olass. 

From  the  German  of  Dr.  Gks5,ert  and  EmanubL  Otto  Fromrsrc.  With 

an  Appendix  011  The  Akt  of  Enamklling  2/6 

Yxtruvius — The  Architecture  of. 

In  Ten  Books.  Iraniilaied  from  the  Latin  by  Ju^kfh  Gwilt,  F.S.A., 
F.R.A.S.   With  83  Plates  6/0 

Oraoian  Avehltaotnra, 

An  Inquiry  into  the  Principles  of  F  iiit>  in.  With  an  Historlral  View  of  the 
Rise  and  Progress  of  the  Art  in  Greece.  By  the  Earl  ok  Aberuken.    \  /Q 

Th*  ttuo  precedit^  Works  in  One  handsome  VoL^  ha^-boundt  eniiiUd 
"Amcibnt  Architbcturb,"  priu  6/0* 
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INDUSTRIAL  AND   USEFUL  ARTS. 

Oaments,  Pastes,  Glues,  and  Gums. 

A  Guide  to  the  Manufactuie  anil  Application  of  Agylutiiiants.  With  900 
Recipes  and  Formuls.    HyH.  C.  S  t     1    i  ;e  2/0 

Clocks,  Watches,  and  Bells  for  Public  Purposes. 

A  Rudimentary  Treatise.  By  Lumuno  Beckktt,  I«ord  Grimthorps, 
LL.D.,  K.C.,  F.R.  A.S.  Eighth  Edition,  with  new  List  of  Great  Bells  and 
an  Appendix  on  Weathercodb.  [Just  publisM,  4/6 

*»*  The  ednn'e,  fumiwmtiy  bou$id^  ci§tk  hoanUt  6/6* 

Blttotro-Metal  1  u  r  , 

Practically  Treated.    By  Alexander  Watt.    Tenth  Edition        .  3/6 

The  Goldsmith's  Handhook. 

Containing  full  Instructions  in  the  Art  of  Alloying,  Melting,  Reducing, 
Colouring,  Collecting  and  Refining,  Recovery  of  Waste,  Solders,  Enamels, 
&C.,  he   By  Gburcs  E.  Gbb.   Sixth  Edition  .....  3/0 

The  Silversmith**  Handbook, 

On  the  same  plan  as  the  Goi,ns  :  rr  j's  HANDBOOK.    Fy  O.  E.  Gbr.  3/0 
*,*  Tlu  last  Uvo  Works,  ir.  One  hanasomt  l^ol.,  hal/'boHndt  7/0* 

The  Hall-Marking  of  Jewellery. 

Comprising  an  account  of  all  the  different  Assay  Towns  of  the  United 
Kingdom;  with  the  Stamps  and  Laws  reiatiiij^  to  the  Standards  and  Hall 
Marks  at  the  variouii  Assay  Offices.    By  Geokuk  £.  Ges       .       .  3/0 

French  Polishing  and  Elnamellin^, 

Nunwraus  Recipes  lor  making  Polishes,  Vamtshea,  fte.  By  R.  Bitmbad. 

1/6 

Praotioal  Organ  Building. 

By  W.  £.  Dickson,  M.  A  Second  Edition,  Revised,  with  Additions  2/6 
Qoach-Building : 

A  Prri  ri-al  Treatise.    By  Jami  s  W.  BURGBSS.   With  57  lUuStCations  2/6 

The  Cabinet  Maker's  Guide 

To  the  Entire  Construction  of  Cabinet-Work.    By  R.  BiTMEAD      .  2/6 

The  Brass  Founder^s  Manual: 

Instructions  for  Modelling,  Pattern  Making,  ftc    By  W.  GraHAM  .  2/0 

The  Sheet-Metal  Worker's  Guide. 

Knr  l  insmiths,  ('oppersmiths,  Zincworkers,  &c.  By  W.  J.  £.  Cranb.    1  /6 

Sewing  Machinery: 

[    (  oast  ruction,  HisSory.  ftft   By  J.  W.  UiiQtJHAKT,  CE.  .      .  2/0 
Gas  Fitting: 

A  Practical Handl'ook.    ByJonNBtACK.    New  E4ition       •      •  2/6 

Construction  of  Door  Looks. 

From  the  Papers  of  A.  C.  Hobbs.  Edited  by  C.  Tomunsok,  F.R.S.  2/6 

The  Model  Locomotive  Bngineer»  Firemaii»  and 

Engine-Boy. 

By  Michael  Reynold^  3/6 

The  Art  of  Letter  Painting  made  Easy. 

By  J.  G.  Badbnoch.   With  is  full-page  Engravings  of  Examples  .  1/6 

The  Art  of  Boot  and  Shoemaking* 

Measurement,  Last-fitting,  Cutting-out,  Closing,  &c.   By  J.  B.  LsitO.  2/0 

Meohanical  Dentistry: 

  By  Chari.es  Huntek.    Fourth  EditiOQ  3/0 

Wood  Bngtaving: 

A  Practical  and  Easy  Introduction  to  the  Art   By  W.  N.  Bbowdi  .    1  /6 
Laundry  Management. 

A  Uaodbook  for  Uae  in  Private  and  Public  Laiuudrws      •      •      «  2/0 
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AGRICULTURE.  GARDENING,  ETC. 

Draining  and  Embanking: 

A  Ptacti TMftttae.   By  IVof.  Jomm  Scott,  Wtlh  M  IllosumdoM   1  /Q 

Irrigation  and  Water  Supply: 

A  Practical  Treatise  on  Water  Meadows,  Sewage  Irrigation,  Warping,  &c. ; 
OB  the  Construction  of  Wells,  Poods,  Reservoirs,  &c  By  Prof.  John 
Scott.   With  34  niustraiioni*  1/S 

Wmm  Roads,  Fenoas,  and  Gates: 

A  Practical  Treati5c  on  ihe  Roads,  IN  am  ways,  and  Waterways  of  the 
Farm;  the  Principles  of  Eni  losures  ;  and  the  difftrent  kinds  of  Fences, 
Gates,  and  Stiles.    By  Prof.  John  Scott,    With  75  Illustrations    .  |/Q 

WtUeWCt  Building's  : 

A  Practical  Treatise  on  the  Buildings  ne^s^ary  for  various  kinds  of  Farms, 
tbcir  ibnraBgemcnt  and  Construction,  with  Plans  and  Ksrimat—.  By  Prof. 
Jomi  SooTT,  With  105  lUu>trations  2/0 

Ban  Implamente  and  Maohinee  : 

Treating^  of  the  Application  of  Powrr  and  Machines  used  in  th<?  Threshing- 
bam,  Stockyard,  Dairy,  &c.    By  i'rul.  J.  ScoTT.    With  laj  iilustratiuns. 

2/0 

Maid  Implements  and  Machines: 

With  Principles  and  Details  ot  Construction  and  Points  of  Excellence,  their 
MaaageiMiit,  ftc  By  ProC  John  Soott.  With  136  lUtiatmtioiit  •  2/0 

Agrioultural  Surireying : 

A  Treatise  on  Land  Surveying,  Levelling,  and  Setting-out ;  with  Diitctioos 
for  Valuing  Estates.   By  Prof.  J.  Scorr.   With  69  lUustiatioiu     ,  |/q 

Vam  Bn^ineering. 

By  Professor  John  Scott.  Comprising  the  above  Seven  Voluntetin  One, 
i» ISO  pages,  and  over  600  Illustnitions.   Half>boiind  .      .     ,  12/0 

Outlinas  of  Farm  Management. 

T^Mtiat  «f  the  General  Work  of  the  Farm;  SCocIc;  Contract  Work ; 
Laboor,  ftc  By  R.  Scott  Bvaii  2/6 

OtttUnaa  af  Iianded  Estates  Managamant. 

Treatinji:  of  the  Varieties  of  Lands,  Methods  of  Farming,  Sett;ti5.ont  of 
Farms,  Roads,  Fcricts,  (  arcs,  Drainage,  &c.   By  R.  Scott  Bukn  .  2/6 

Sails,  Manures,  and  Crops. 

(Vol.  L  Outlines  of  Modkkn  Farming.)   By  R.  ScOTT  BUKN  .  2/0 

Vanning  and  Farming  Economy. 

(Vol  II.  Outlines  of  M  ;  krn  Farming.)  By  R.  Scott  Bukn  3/0 
l^taak :  Oattle,  Sheep,  and  Horses. 

(Vol.  111.  Outlines  of  Modern  Farming.)   By  R.  Scott  Bi;itic  2/6 

Dairy*  Pigs,  and  Poultry. 

(Vol.  IV.  Outlines  of  Modern  Farming.)   By  R.  Scott  Burn  2/0 

Vtillsation  of  Sewage,  Irrigation,  and  Reoiamation 
of  Waste  Land. 
(Vol.  V.  O0TLiN»  OP  MoDsaw  Fakming  )  By  R.  ScorrBum.  2/6 

Outlines  of  Modern  Farming. 

By  R.  Scott  Buiim.  Consisting  of  the  abcvt  Fiva  Vainmes  in  One, 
t,a50  pp.,  prdaady  lUuaciatad,  half.boiiod  1 2/0 
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Boak>k€epiii^  for  Farm^vs  and  Bttata  Ownm. 

A  Pnctical  Trefttise,  presenting,  in  Three  Plans,  a  system  Adapted  for  all 
daseet  of  Farms.   By  J.  M.  Woodman.   Fourth  fiduion  .  2/6 

RMdy  R«okfm«p  for  ihm  Adm«asiiMm#iit  of  Iiwd* 

By  A.  AaMAN.  Revised  ami  extended  by  C.  Norris.  Fifth  Bdilida  2/0 

Miller's,    Corn    M«Pohant*s,    and  Farmer  ■  Roadj 

Reokoner. 

Second  Edition,  revised,  with  a  Ptice  List  of  MoUern  Flour  Mill  MachiaerY, 
hy  W.  S.  HOTTON.  C.E  2/0 

Tlio  Hay  and  Straw  Measurer. 

New  Tables  for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  aad  Straw 

Dealers,  ftc   By  John  Stbbls  2/0 

* 

Moat  Production. 

A  Manual  for  Producers,  Dbtributors,  and  Consumers  of  Butchers'  Meat. 
By  John  £wast  2/6 

UlOOp: 

The  History,  Structure,  Economy,  and  Diseases  of.  By  W.  C  SKK>Nax, 
M.R.V.S.    Fifth  Edition,  with  fine  EnKravings       ....  3/6 

Market  and  Kitchen  Gardening. 

By  C.  W.  Shaw,  late  Editor  of  "  Gardening  lUustrated "       .     .  6l/6 

Kitohen  Gardening  Made  Basy. 

Showing  the  best  means  of  Cultivating  every  known  Vegetable  and  Herb, 
&c.,  with  dir<^ction.s  for  management  all  the  year  round.  By  GsoRCB  M.  F. 
Glsmny.    Illustrated  |/6 

Ctottage  Gardening : 

Or  Flowers,  Fruits,  and  Vegetables  for  Small  Gardens.   By  S.  HoaoAV, 

1/6 

Garden  Reoeipte* 

Edited  by  Chaklu  W.  Qvin  1/6 


Fmit  Trees, 

The  Scientific  and  Profitable  Culture  of.  From  the  French  of  M.  Dv 
Brbuil.  Fifth  Edition,  caxefolly  Revised  by  Osorgb  Glbnht.  Wttk 
tSrWoodcau  a/O 

The  Tree  Planter  and  Plant  Propagator: 

With  numerous  lUuNtralions  of  Grafting,  Layering,  Budding,  Implcmeata, 
Houses,  Pits,  &c.   By  Samuel  Wood  2/0 

The  Tree  Pruner  : 

A  Practical  Manual  on  ihe  Pruning  of  Fruit  Trees,  Shrubs,  ClimberSt  and 
Flowering  Plants.  With  numerous  lUustiatiqas.  BySAMOSL  Wooe  |/6 

Tit  sJmw  7\p0  y^li,  in  Om^  kmtuUtmify  hmf^iotrnd^/He*  3/0. 
The  Art  of  Grafting  and  Budding. 

By  Chaxlss  Baltbt.   With  Illustrations  
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MATHEMATICS,  ARITHMETIC,  ETC. 

Desoriptive  Geometry, 

An  Elem«nury  l^reattse  on ;  with  a  Theory  of  Shadows  and  of  Perspective, 

extracted  flora  the  ^^^'nch  of  G.  Monge.  To  which  is  added  a  De<rnption 
of  the  Principles  and  Practice  of  Isometncal  Projection.  By  J.  F.  Heathbr, 
M.A.   With  14  Plates  2/0 

PvMtloal  Plane  Geometry: 

Giving  the  Si injilct  Motles  of  Con<:trtirting  Figtires  contained  in  one  Plane 
and  Geometrical  Construction  of  the  Ground.  By  J.  F.  Heathsr,  M.A. 
With  815  Woodcuts  2/0 

Analytical  Geometry  and  Conic  Seotions, 

A  Rudimentary'  Treat on.  By  Jamtcs  Han'N.  A  New  EUluion,  re- 
written and  enlarged  by  Protfvsor  J.  R.  Young        ....  2/0 

Buolid  (The  Blements  of  ). 

With  many  Addition.aI  Propositions  and  Explanatory  Notes ;  to  which  Is 
prefixed  an  Introductory  Essay  on  Ix)^c.    By  Henry  Law,  C.E.  .  2/6 

%*  Sold  also  sefiaraUlyf  vis : — 
Bnolid.  The  First  Three  Books.   By  Hbnry  I«AW,  CS.  .  •  1/6 

Bnolid*   Bookft  4,  5,  6,  11,  la.   By  Hbnrv  Law,  CE.   .     •     •  1/6 

Flane  Trigonometry, 

The  Elements  of.  Jambs  HaMII.  1/6 

Spherical  Trigonometry, 

The  Elements  of.     By  James  Hank.    Revised  by  Charles  H.  Dow. 

LING,  C.K.   1/0 

Or  with  '*  'I'he  Elcntents  oj  Plane  Trigom^mgiry^*  in,  Oh*  V0iuMU^  2.^6 

Differential  Calculus, 

Elements  .f  tlic.     l?y  W.  S.  B.  WoOLHOUSE,  F.K.A.S.,&&      .        .  1/0 

Integra.1  Ca.lcuius. 

By  HoMBRSHAM  Cox,  B. A.  1/5 

Algebra, 

riie  Elements  of.  By  J amks  Hadix^n,  M.A.  With  Appendix,  containiog 
Miscellaneous  Investigations,  .itid  a  Collection  of  Problems       .       .  2/0 

A  Key  and  Companion  to  the  Above. 

An  extensive  Repository  of  Solved  Examples  and  Problems  in  Algehn. 

I',V  j.  R.  VoCNO  

Commercial  Book-keeping. 

Wiih  Commercial  Piiiases  and  Form.s  in  English,  French,  Italian,  and 
German.    By  JfAMAS  HadoON,  M.il.   .1/0 

Arithmetic, 

A  Rudimentary  Treatise  on.  With  full  Explanations  of  its  Theoretical 
Principles,  and  mtmerous  BxafnpleA  for  Practice.  For  the  Use  of  Schools 
and  for  Self-Instructiun.    By  J.  R.  Vi<ung,  late  PvofeSMOrof  Ibthematics 

in  Belfast  College.   Thirteenth  Edition  1/6 

A  Key  to  the  Above. 

ByJ.R.  Young   1/5 

Bqiiational  Arithmetic, 

Applied  to  Questions  of  Interest,  Annuities,  Life  As^itirance,  and  General 
Commerce  i  with  various  i  ables  by  which  all  Calculations  may  be  greatly 
facilitated.   ByW.  Hipslbv  1/6 

Arithmetic, 

Rudimentnry,  for  the  Use  of  Schools  and  Self- Instruction.  By  Jambs 
H  ADDON,  M. A.    Revised  by  Abraham  Arman      .      .      •      •  1^ 

A  Key  to  th#  Above* 

By  A.  Abman     •      .   1/5 
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Mathematical  Instruments : 

Their  Construction,  Adjustment,  Testing,  and  Use  concisely  ExpUunad* 
By  J.  F.  Heather,  M.A.,  of  the  Royal  Military  Academy,  Woolirich. 

'  Fifteenth  Edition.  Revi'^eH,  s\\'h  Aiidition'^,  by  A.  T.  WalMISLBY, 
M.I.C.E.  Original  Ldition,  in  i  vol.,  Iliusuutcii  ....  2/0 
\*  /m  0rderimg^  ikt  oime,  b$  cart^  to  say  "  Original  Edition*'  or  eivt  iko 

mnjther  in  the  Serin  (jsX     i^it't^uitk  H /rim  ike  SnUufgod  StttOm  im 

3  voli.  ( « f  follouis) — 

Drawing  and  Measuring  Instruments. 

Induding--!.  Instruments  employed  in  Geometrical  and  Mechanical  Draw- 
ing, and  in  the  Construct  I  n,  Copying,  and  Measurement  of  Maps  and 
Pkaa.  11.  Instruments  used  for  the  purposes  of  Accurate  Measurement, 
ml  for  Aritlunetical  Compatations.  BjJ.  F.  Hbatmbr,  M.A.    .  1/6 

Optical  Instruments. 

Including  (more  especially)  Telescopes,  MicnMOopes,  and  Apparattis  for 
nroducing  copies  of  Maps  and  Plans  by  Photography.  By  J.  F.  Hkathbk, 
M.A.    Illustrated  I/Q 

Surveying  and  Astronomioal  Instruments* 

Including — I.  Instruments  used  fcHT  Determimng  the  Geometrical  Features 
of  a  portion  of  Ground.    II.  Instruments  employed  in  AstronOBlicAl  Ob 

servations.    By  J.  F.  Heathhk,  M.A.    Illustrated.       .      .  .1/6 

%•  The  above  three  volumes  /arm  an  enlargement  o/  the  Author  s  original  worh, 
"  AtatktttMtieal  IntimmoHis^  friee  2f0-  (OncrM  atio^^ Met.) 

Mathematioal  Instriiments : 

Their  Construction,  .^djustmrnt,  Testing  and  Use.  Comprising  Drawine, 
Measuring,  Optical,  Survcyui^,  auU  Astronomical  Instruments.  By  J.  F. 
Heather,  M.A.  Enlarged  Edition,  for  the  most  part  entirely  re^witttm. 
I  hr 'll.rrr  Parts  a»  above,  i I!  One  thick  Volume.       ....  4/6 

The  Slide  Rule,  and  How  to  Use  It. 

Containing  full,  easy,  and  simple  Instructions  to  perform  all  Business  Cal- 
culations with  unexampled  rapidity  and  accuracy.  By  Cmarlbs  Hoakb, 
CE.  With  a  Slide  Rule,  in  tuck  of  cover.   Eighth  EdUioa  .  2/6 

Logarithms. 

With  Mathcrnatica!  1 ;  !  Vs  for  Trigonometrical,  Astronomical,  and  Nautical 
Calculations.    By  Henry  Law,  C.E.    Revised  Edition    .       .      ,  3/0 

C3ompound  Interest  and  Annuities  (Theory  of). 

With  Tables  of  Logarithms  for  the  more  DilTicult  t,'ompiitations  of  Interesti 
Discount,  Annuities,  &c.,  in  all  their  Applications  and  Uses  for  Mercantile 
and  Slate  Purposn.   By  Fsoor  Thoman,  Paris.   Fourth  Edition  .  470 

Mathematical  Tables, 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations  ;  to  which  Is 
prelixed  a  Treatise  on  Logarithms.  By  H.  Law,  C.E.  Togcllier  with  a 
Seiies  of  Tables  fi>r  Navig.ition  and  Nautical  Astronomy.  ByProfesscr  j. 
R.  YoOMG.    New  Edition  4/0 

Mathsmatics, 

As  applied  to  the  Constructive  Arts.  By  Francis  Campin,  C.E.,  &c. 
Third  Edition  3/0 

Astronomy 

iiy  the  iaie  Rev.  kiiiiEKT  Main,  F. R.S.  Third  Edition,  revised  and  cor- 
rected to  the  Present  Time.    By  W.  T.  LvNK,  F.R.AS.   .  .  2/0 

Btatlos  and  Dynamics, 

The  Principles  and  Prartioe  of.  Enibracin;^  also  a  clear  development  of 
Hydrostatics,  Hydrodynamics,  and  Central  Forces.  By  T.  B.\kkr,  C.£. 
Fcordi  Edisaeo  •     •     .  f/6 
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BOOKS  OF  REFERENCE  AND 

MISCELLANEOUS  VOLUMES. 

A  Diotionary  of  Painters,  ajtid  H&ndbook  for  Piotur« 
Amatrars. 

Relng  a  Guide  for  Visitors  to  Public  and  Private  Picture  Galleries,  and  for 
Art-Studenift,  including  Glossary  of  Terms^  Sketch  of  Principal  Schools  of 
Painttnic,  ftc.   By  Philippe  Uarvl,  B.A.  2/6 

Paintintf  Popularly  Explained. 

By  T.  J.  (Tui.LicK,  Painter,  and  John  Timbs,  F.S.A.  Includine  Fresco, 
Oil,  Mosaic,  Water  Colour.  Water-Class,  Tempera  Kiicaustic,  Miniature, 
Painlint;  on  ivory,  Vellutu,  Fottci  y,  Enamel,  Cllass,  <S:c.  Sixth  Edition  5/0 

A  Dictionary  of  Terms  used  in  Architecture,  Build- 
ing, Engineering,  Mining,  Metallurgy,  Arohee- 
ology,  tnm  Fin«  Arts»  fto. 

ByJoHNWBALB.  Sixth  Edition.   Edited  by  R.  Hitnt,  F.R.Sb  .  6/0 

Masic : 

A  Rudimentary  and  Practical  Treatise,  With  numerous  Examples.  By 
Chari.fs  Child  .Si-enckr  2/6 

Pianoforte, 

The  Alt  of  Playing  the.  With  numeroits  Exercises  and  Lenow.  Bv 
CHARLn  Child  Spbnckr  ^  /Q 

The  House  Manager. 

A  Guidf;  to  Hou>ckt:t;i)iui;,  Cookery,  Pitl<lin>i  and  Preserving,  Household 
Work,  Dairy  Managenteni,  Cellarage  of  Wines,  H^me  brewing  and  Wine- 
makitig.  Gardening,  ftc   By  Am  Old  Housbkrbpbr     .     ,  3/0 

Manual  of  Domostie  Mediolne. 

Hy  KV  GoODiNO.  M  D.  Intended  as  a  Fannily  Guide  in  all  CRSes  of 
Accident  and  Emergency.    Third  Edition,  carefully  revi^d    •      •  2/0 

Management  of  Health. 

A  Manual  of  Home  and  Personal  Hygiene.    By  Rev.  James  Baird  1/0 

Natural  Philosophy, 

For  the  Use  of  Beginners.   By  Charlrr  Tomlinson,  F.R.S.  .  .1/6 

The  Elementary  Principles  of  Electric  Lighting. 

Hy  Alan  A.  Camprrll  Swintom,  M.Inst.C.£.,  M.I.E.E.  Fifth 
Edition   |/6 

Tho  Electric  Telegraph, 

Its  History  and  Progress.    15y  K.  Sabine,  C.E.,  F.S.A.,  &C.  •      •  3/0 

Handbook  of  Field  Fortification. 

By  Miyor  W.  W.  Knollys,  F.K.G.S.   With  163  WoodcuU    .      .  3/0 

liOgio. 

Pare  and  Af»p1ied.   By  S.  H  Emmbns  t  /6 

Locke  on  the  Human  Understanding, 

Selections  from.   With  Notes  Hy  S.  H.  Emmbns      .      .     .  •1/6 

The  Compendious  Calculator 

{/tieutiwf  Calcuiations  .  Or  Easty  and  Concise  Methods  of  Performing  the 
variou.s  Aritnmetical  Operations  required  in  Commercial  and  Business 
Transactions:  together  with  Useful  Tables,  &c.  By  Daniel  O'GoRMan. 
T«eB^*eighth  Edition,  carefully  revised  by  C.  NoRRiS  .      .      .  2/6 
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Me&8ures»  Weights,  and  Moneys  of  all  Nations. 

With  ao  Analysis  of  the  Christian,  Hebrew,  and  Mahometan  Cftlendan. 
Bj  W.  &  &  WoaLHOUSs,  F.R.A.S.,  F.S.S.  Seventh  Edition      .  2/6 

OnuBimar  of  the  English  Tongue, 

Spoken  and  Written.  With  an  Introduction  to  the  Study  of  Comparatiire 
Philology.    By  Hyde  Clarke,  D.CL.    Fifth  Edition.    .      .      .  I/O 


IMotionary  of  the  JSn|{lish  Lan|[ua|{e. 

As  Spoken  and  Written.  Contoining  above  100^000  Woida.  By  Hvbb 
CLAkKB,  D.CL.  •  3/IS 

Oompositimft  and  Panotuation, 

Familiarly  Fvplained  for  th  isc  who  have  neglected  the  Study  of  Grammar. 
By  Justin  Bkknan.    Nuieieeiun  Ediiioiu  1/8 

French  Grammar. 

With  Complete  and  Concise  Ruleb  on  the  Genders  of  French  Nouns.  By 
G.  L.  STKAUSSy  Ph.D.  1/6 

■nflieli-Frenoh  Dlotioiiary. 

Comprising  a  large  number  of  Terms  used  in  Engineering,  Mining,  ftc. 
By  Alfred  Elwes     .  2/0 

French  Dictionary. 

In  two  Parts^I.  Prandk-Eni^iih.  II.  Englidi-Fiendi,  complele  in 
One  VoL  3/0 

French  and  English  Phrase  Book. 

Containing  Introductory  Leiisons,  with  Ti  at  slations,  Vocabularies  of  Words, 
Collection  of  Phrase-s,  and  Easy  Famiiiar  Dialogues  .      .      .  .1/0 

German  Grammar. 

Adapted  for  English  Student^  from  Heyte't  Theoretical  and  Pknctical 
Grammar,  fay  Or.  G.  L.  Straum  1/6 

Oennan  Triglot  Diotlonary. 

By  N.  E.  S.  A.  Hamilton.  Part  1.  German- French- English.  Part  II. 
English-German- French.    Part  III.  French>Gerqian*English   .      .  3/0 

German  Triglot  Diction ary. 

(As  above).    Together  with  German  Grammar,  in  One  Volume        .  6/0 

Italian  Grammar. 

Arranged  in  Twenty  Lesaens,  with  Exercises.   By  Alfred  Elwbs.  1/6 

Italian  Triglot  Dictionary, 

Wherein  the  Genders  of  all  the  Iu>llan  and  French  Nouns  arc  rarcfully 
noted  down.    HvAlfrku  I  uwes.    VoL  1.  Italian* £nglisb*French.  2/6 

Italian  Triglot  Dictionary. 

By  Alpr£d  Kluss.    Vol.  11.  English* French- itaiian     ...  2/6 

Italian  Triglot  Dictionary. 

By  Alpmo  Elwbs.  Vol.  II L  Ffench*ltalian>EofIish   .     .     •  2/6 

Italian  Triglot  Dictionary. 

<Aaabovej.   In  One  VoL  7/6 

Spanish  Grammar. 

In  a  Simple  and  Practical  Form.  With  Exercises.  By  Auruto  Elwbs  1/6 

Spanish-English  and  English-Spanish  Dictionary. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering, 
&C.,  with  the  proper  Accents  and  the  Gender  of  every  Noun.    By  Alfrxo 

Blwbs  4/0 

V  OrmUh  tk$  Gbammax,  6/0* 
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Portuguese  Grammar, 

111  a  Simple  and  Practical  Form.  With  Exercws.  By  At  rnBn  Elwrr.   1 /g 

Portuguese -£iiigiish    and    flnglish- Portuguese  Dic- 
tionary. 

Iiichulini;  ;i  larjje  number  ofTci  lmii  al  Terms  u-lhI  in  Mining,  Knt:uiecrlng, 
with  the  proper  Accents  and  the  Gender  of  every  Noun.   By  Alfrsu 

Elwes.   Fourth  Edition,  revised  6/0 

\*  OrfMtkfA^GfUMMAM,  7/0- 

Animal  Physios, 

Handbook  of.        DmNvstt  c;  LARDNBRf  D.C.L.   Wilh  $90  IlluatnitioaB. 

In  One  Vol.  (732  pages),  cloth  boards  T/S 

•»*  SoM  iUs»  in  7W  P«riSt  ti*  follows  i — 
Animal  Physics.   By  Dr.  Lardnbr.  Part  I.,  Chapters  I.— VIL  4/0 
Amiual  Pkvaics.   By  Dr.  Lardnbr.  Pbn  II.,  Cliapters  VIIL-OCVIII. 

3/0 


BRADBURV,  AGNEW  &  CO.,  LD.,  FRINTBRS,  LONDON  AND  TOKBRIIx;K. 
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CROSBY  LOCKWOOD  &  SON'S 

Scientific,  Technical  and 
Industrial  Books. 


MECHANICAL  ENGINEERING 

CIVIL  ENGINEERING    .    .  . 
MARINE  ENGINEERING.  Ac. 
MINING  A  METALLURGY  . 
COLLIERY  WORKING.  Ac  • 

ELECTRICITY  88 

ARCHITECTURE  A  BUILDING  .  26 
SANITATION  A  WATER  SUPPLY  28 


1 

10 
17 
.  19 
81 


CARPENTRY  A  TIMBER       .   .  89 

DECORATIVE  ARTS  81 

NATURAL  SCIENCE  88 

CHEMICAL  MANUFACTURES   .  84 

INDUSTRIAL  ARTS  St 

COMMERCE.  TABLES.  Ao.  .  .  41 
AGRICULTURE  A  GARDENING-  43 
AUCTIONEERING.  yALUlNQ.Ao.  46 


LAW  A  MISCELLANEOUS.    .    .  47 


MECHANICAL  ENGINEERING,  ETC. 


THB  MECHANICAL  BNQINBBR'5  POCKBT-BOOK. 

Comprising  Tables,  Formulae,  Rules,  and  Data :  A  Handy  Book  of  Reference 
for  Duly  Use  in  EngtneeringPraclice.  By  D.  Kimnbar  Cuouc,  M.  lost.  C.K., 
Fifth  Eiditicii.  thoroughly  Reviled  and  Enkiged.  Bj  H.  H.  P.  Powles, 
A.  M.  I  C.E»,  M.LM.£  Small  8V0»  700  pp.1  bonod  in  flexible  Leather  Cover, 
rounded  oomert.  \Jutt  Publis/ud.   Net  6/0 

Summary  of  Comtbmts  i—Matrbmaticai.  TABLBS.—MBASuwuiBin'  or  Susfacbs 

AND  SOLII>S.— ENGLISH  WEIGHTS  AND  MBASUSBS.— FRENCH  MBTRIC  WEIGHTS  AND 

MEASURES— Foreign  Weights  and  Measures.— Monhys.— Specific  Gravity, 
WEIGHT.  AND  voLUMH.— Manufactured  mktals.—sthbl  pipes.— bolts  and  nuts,— 
sundry  aktlcles  in  wrought  and  cast  iron,  copper.  brass.  lead.  tin.  zlnc— 
Strength  of  Mathriais.  —  strength  of  Timber.— Strength  of  Cast  iron.— 
Strength  ok  wrought  iron.— Strength  of  Steel.— Tensile  strength  op  Copper, 
Lead.  &c.— Resistance  of  stones  and  other  Building  Materials.— Riveted  Joints 
IN  BOILER  Plates.— Boiler  Shells.— Wire  Ropes  and  Hemp  ropes.— Chains  and 
ChainCablhs.— I  KAMiNG.— Hardness  OF  metals,  alloys,  and  stones.— Labour  op 
animals.— Mechanical  Principles.— Gravity  and  Fall  op  Bodies  — accelerating 
and  Retarding  Forces.— Mill  Gearing,  shafting,  &c.— Transmission  of  Motive 
Power.- Heat.—combustion:  fuels.— Warmjng,  Ventilation.  Cooking  Stovf^.— 
Steam.— Stkam  engines  and  boilers.— Railways.— Tramways.— steam  Ships.— 
Pumping  steam  engines  and  pumps.— Coax.  Gas.  Gas  Bnginbs.  dec— aul  in  Motioh. 
—Compressed  Air.— Hot  Air  Engines.— Watbb  POWBS.— Snao  ov  CUTTING  TOOLS. 
»<COLOURS.— Electrical  engineering. 

Mr.  Oark  manifests  what  is  an  innate  perception  of  what  !s  likely  to  be  useful  b»  a  pocket* 
txx)k.  and  he  is  really  unnvalled  in  the  an  of  condensation.  It  is  very  difficult  to  hit  upon  sny 
mechanical  cn^neeniijf  subject  concenung  which  thiii  work  suppUes  no  information,  and  the 
excellent  index  at  the  end  adds  to  its  utilin'.  In  one  word,  it  is  an  exceedingly  handy  and  efficient 
tool,  possessed  of  which  the  engineer  wiU  b«  saved  many  a  wearisome  calculation,  or  yet  more 
weansome  hunt  throuffb  various  text-lMMte  MMI tNMiMi^  IMi  M  tM  CM  hlMtS|f  MOOH 
it  to  our  readers."— 7>M  Mnginttr. 

"  It  tvoidd  be  found  difficult  to  eoovMi  warn  utter  within  a  alinllar  cooiimii,  or  produce  a 
book  of  700  paires  wbldi  sboukl  be  man  tamput  ev  caamBimt  for  pocket  nfmaci.  •  .  .  Will 
be  appredatedDy  inechMlrel  engtaieen  of  oD  dMH.'V^AwclCae/  Engimtr, 
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MR.  HUTTON  S  PRACTICAL  HANDBOOKS. 


THB  W0RK5*  MANAGER'S  HANDBOOK. 

Comprising  Modern  Rules,  Tables,  and  Data.  For  Engineers,  Millwrights, 
and  Boiler  Makers  ;  Tool  Makers,  Machinists,  and  Metal  Workers ;  iron  and 
Brass  Founders,  &c.  By  W.  S.  Hutton,  Civil  and  Mechanical  Engineer, 
Author  of  "The  Practical  Engineer's  Handbook."  Sixth  Edition,  carefully 
Revised,  and  Enlarged.   In  One  handsome  Volume,  medium  8vo,  strongly 

16/0 

 Tk*  Author  havlntg  compiUd  RnUs  and  Data  for  Ms  own  «m  <»  a  gnai 

vatUty  of  modern  engineering  work,  and  having  found  his  notes  extremely  useful, 
dtcidid  to  publish  thtm — nvued  to  daU — belitvwg  that  a  practical  work,  suited  to 
tk$  DAILY  KBQUiniaim  OP  MODBSM  BMGiNBBits,  woutd  $§/aiHmrabfy  f$e$i»td, 

"Of  this  edition  we  may  repeat  the  appreciative  remarks  we  iiiatle  upon  the  first  and  tliird. 
Since  the  ap{>earance  of  the  latter  very  considerable  modifications  have  been  made,  although  the 
total  numl)er  of  pa^^es  reniains  ;Umost  the  same.  It  is  a  very  useful  COMeCtioa  ef  lUlMt  taUMi  and 
workshop  and  drawing  office  data."— 77r«  Engineer,  May  lo,  1895. 

"  The  author  treats  every  subject  from  the  point  of  view  of  one  who  bat  collected  workshop 
notes  for  application  in  worlcshop  practice,  rather  than  60m  the  theoratkal  Off  tttemnr  aq^ect.  Taa 
volume  contains  a  great  deal  of  that  kind  of  infofmatkm  wUch  Is  gataed  only  by  pnctfealeKpedaBea, 
aad  Is  mlrtom  written  in  boolcs."— TAc  Seigieimrt  J*"**  <>  iHjl 

**TIm  vohime  is  an  exceedingly  usalU  OM^  Mmi  Wbh  engineer's  notes,  memoranda,  aad 
nks,  and  weU  worthy  of  being  on  every  '  fin||1nset'i  tworitwiif  "  Mefhemicml  fyprid. 

** The InfefaMOon  is  precisely  that  ^^t*^ to bawwjyrffed In ptactlca.  .  .  .  The 


a  desirable  addition  to  the  library  not  only  of  tte  aaiai*  OHUnfa**  bat  of  aay  oaa  1 
general  engineering."— Afiniw^  yoMmal. 

"  Bniiiful  of  useful  infonnation,  stated  in  a  concise  form.  Mr.  Mutton's  books  have  met  a 
IMressing  want  auiong  enipneers.    The  book  must  prove  extreiueiy  useful  to  every  practical  maa 


THE  PRACTICAL  ENQINEER'5  HANDBOOK. 

Comprising  a  Treatise  on  Modem  Engines  and  Boilers,  Marine,  LooonoCive. 
and  Stationary.  And  containing  a  large  collection  of  Rnlet  and  Practfcal 
Data  relating  to  Recent  Practice  in  Designing  and  Constructing  all  kinds  of 
Engines,  Bouers,  and  other  Engineering  work.  The  whole  constituting  a  com* 
prenansive  Key  to  the  Board  or  Trade  and  other  Examinations  for  Certificatei 

of  Competency  in  Modern  Mechanical  Engineering.  By  Waltkr  S.  Hutton, 
Civil  and  Mechanical  Engineer,  Author  of  "  The  Works'  Manager's  Handbook 
for  Bngineers,'*  ftc.  npwaidc  of  4M  lUnstratioDs.    Sixth  Edition. 

Revised  and  Enlarged.   Meditun  Svo^  nearly  560  pp.,  strongly  bound.  1 8/0 

This  Work  is  designed  as  a  companion  to  the  Author's  "Works' 
Manager's  Handbook."  It  possesses  many  new  and  ortgmal  features,  and  con- 
tains, like  its  predecessor,  a  quantity  ofmotUrnot  originally  intended  for  pvMktHon 
but  collected  by  the  Author  for  hh  m»m*1ntht  coHsimetion  o/ a  grstU  vortt^  «f 
Modern  Enginbkking  Work. 

The  informoHon  is  given  in  a  eondenstd  and  concise  form,  and  is  ittmtraitd  bf 
upwards  of  423  Engravings ;  and  comprises  a  quantity  of  tabulated  matter  of  great 
M/tM  to  all  engaged  in  designing,  constructing,  or  estimating  for  Enginbs,  Boilbrs, 
mndomsER  Engimbbring  Work. 

"We  have  kept  it  at  handtfor  sevenA  weeks,  referring  to  It  as  occasion  arose^  aad  WO  hava  aal 
on  a  tingle  occasion  consulted  its  pages  without  hndiiig  the  infonnation  of  which  we  were  in  <|uest" 
mi^tkenaum. 

**  A  thoroughly  good  practical  handbook,  which  no  engineer  can  go  through  without  learning 
iaif  that  wul  be  of  service  to  Mm."— Marine  Engineer. 

"An  excellent  book  of  reference  for  engineers,  and  a  valualile  text-book  for  students  of 
leeriag. " — Scotsman . 

**Tbis  valuable  manual  embodies  the  reiuUi  aad  aapeilenGe  of  the  leading  authoritlei  oa 
wnieei  engta— ring.  "—BHilding  News. 
"The  author  has  coOocted  together  a  wipiWac  qaaalllyof  fulw  aad  pBKtkal  data,  aad  has 
ihown  much  Judgment  in  the  letectioaa  ha  has  aiade^  .  .  .  Thota  is  ae  doubt  thit  thb  book  b 
oaa  of  the  moot  usoftil  of  Its  klad  pablhthad.  and  will  be  a  very  popular  compendium.''  Mngitmr^ 
**A  amts  of  taifefBiatiou  sat  down  fat  simple  Language,  and  in  such  a  form  that  It  caa  baeorihr 
referred  to  at  any  time.  The  matter  Is  uniformly  good  and  well  chosen,  and  is  greatly  eluctdateo 
by  the  Ohistntions.  The  book  will  find  itt  way  on  to  most  engineers'  shelves,  where  it  will  rank  as 
oaa  of  tta  most  useftd  books  of  reference."— />m<-Mca/  Entrineer. 

Fan  of  usofiil  hiforautlon,  and  should  be  found  on  the  office  sbeli  of  ail  practical  eoginoers. 
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MR.  HUTTON'8  PRAOTIOAL  HANDBOOK8-c<MiiiiNf«l. 


5TEAM  BOILER  CONSTRUCTION. 

A  Practical  Handbook  for  Engineers,  Boiler«Makers,  and  Steam  Users. 
Containing  a  large  CoUection  of  Rules  and  Data  relating  to  Recent  Pracdoe 
in  the  Design,  Construction,  and  Working  of  all  Kinds  of  Stationary,  Loco- 
motive, and  Marine  Steam- Boilers.  By  Walter  S.  Hutton,  Civil  and 
Mechanical  Engineer,  Author  of  "The  Works'  Manager's  Handbook,"  "  The 
Practical  Engineer's  Handbook,"  &c.  With  upwards  of  500  Illustrations. 
Fourth  Edition,  carefully  Revised,  and  Enlarged.  Medium  8vo,  over  680  p^es, 
clotb,  strongly  bound.  {Jmt  PtMhhsd.  18/0 

This  Work  is  issued  in  continuation  of  tht  Series  of  Handbooks  mritten 
fry  ths  AuthoTtVis. : — "Thb  Works'  Manager's  Handbook  "  and  "  The  Practical 
BN6iimBit*s  Handbook,*  mkkh  um  to  highly  apprsciatsd  by  tnginurs  for  tkt 
practical  naivrt  0/  Uuk  im/ormaiiom ;  and  it  cottttquHiHy  wrMiw  m  tht  tamt  t^ 
as  those  works. 

Tkt  Author  believtt  thai  the  concentration,  in  a  convenient  form  for  easy 
reference,  of  such  a  large  amount  of  thoroughly  practical  information  on  Steam' 
Boilers,  will  be  of  considerable  service  to  those  for  whom  it  is  intended,  and  he  trusts 
the  book meiy  bt  dttmtdwoHky of  at  fenountbU  a  ftetpHoa  at  hat  btmaeeordtdto 
Ut  predecessors. 

"  One  of  the  best,  if  not  the  best,  books  on  boilers  that  has  ever  been  published.  The  infor* 
mation  is  of  the  ri^ht  kind,  in  a  simple  and  accessible  fonn.  So  far  as  ^enerraoa  Is  Caacenied»  tlliB 
U,  undoubtedly,  the  standard  book  on  steam  practice."— /''■j<ii/  Rcfirw. 

"  hvery  detail,  both  in  boiler  desi^  and  management,  is  clearly  laid  before  the  reader.  The 
volume  shows  that  boiler  construction  has  b«ea  reduced  to  the  condition  of  one  of  the  most  exact 
sciences;  and  such  a boofcisof theiiliBoatvalaetotlie/fisdkiMkir EnglaeerandWorks  Uanafsr.** 
^limrirU  Engrinetr. 

**There  has  long^  been  room  for  a  modem  handbook  on  steam  boilers ;  there  is  not  that  room 
■ow*  because  Mr.  Hutton  has  fitted  it.  It  is  a  thoroughly  practical  book  for  those  who  are  occupied 
la  the  construction,  design,  selOCClOO*  or  lite  Of  boilers."— .fn^Wrr. 

"  The  book  is  of  so  important  and  comprehensive  a  character  that  it  must  find  its  way  into  the 
Ibcaries  of  every  one  inteeesiad  In  boiler  usiiig  or  boUer  msnufactute  if  they  wish  to  be  thorougrbly 
 1   w  Stroud  wmmmenri  the  book  far  the  totriaste  wOaa  <rf  itscoBterts.-—JMM*<wtfr» 


PRACTICAL  MECHANICS'   WORKSHOP  COMPANION. 

Comprising  a  great  variety  of  the  most  useful  Rules  and  Formulz  in  Mechanical 
Scioice,  with  numerous  Tables  of  Practical  Data  and  Calculated  Results  for 
Facilitating  Mechanical  Operations.  By  William  Templbton,  Author  of 
"  The  Engineer's  Practical  Assistant,"  &c.,  &c.  Eighteenth  Edition,  Revised, 
Modernised,  and  considerably  Enlarged  by  Walter  S.  Hutton,  C.E.,  Author 
of  "  The  Works'  Manager's  Handbook,"  "  The  Practical  Engineer's  Hand- 
book,"  &C.  Fcap.  8vo,  nearly  500  pp.,  with  8  Plates  aod  upwards  of  250  Illus* 
trative  Diagrams,  strongly  bound  for  workshop  or  pocket  wear  and  tear .  Q/Q 

"  In  its  modernised  form  Mutton's  '  Temnleton '  should  have  a  wide  sale,  tot  it  contains  much 
«alMl>le  information  which  the  mechanic  will  onen  find  of  use.  and  not  a  fewtuAes  and  notes  which 
ha  Bight  look  for  in  vain  in  other  worics.  Tliis  modernised  edition  will  be  apptedated  tqr  att  who 
ha«a  leamed  to  value  the  original  editioas  of  *  Templeton.'  "—En^Ush  Meehmnic, 

*' It  has  met  with  great  success  in  tiw  engineeriiy  woiieshop,  as  wecan  testi^;  and  there  are 
a  gnat  many  men  who.  in  a  great  mtmutt  otm  tkefi  rise  In  nfi  to  Uds  tttda  YAekT^uildiHg 

"This  familiar  text -book— well  known  to  all  mechanics  and  engineers— Is  of  essential  service 

to  the  every  day  reejuirenients  of  engineers,  millwrights,  and  the  various  trades  connected  with 
engineering  and  htiilding.  The  new  modernised  edition  is  worth  its  weight  in  g^Ad.  —Building 
HeWtS.     (Secc.inii  NiiDcl-.I 

"This  well  knuwii  and  larijely-uscd  book  contains  infonnation,  brought  up  to  date,  of  the 
SOttSO  useful  to  the  toreinan  ami  draui^htsman.  So  much  fresh  information  h.as  been  introduced  as 
to  constitute  it  pricttcally  a  new  book.  It  will  be  largely  used  in  the  otiice  and  workshop."— 
JfeAaxtVa/  li'or.'ti 

"  The  pukilishen  wisely  entrusted  the  task  of  revisi(m  of  this  popular,  valuable,  and  useful 
book  to  Mt.  Huttoot  thaa  whom  a  mora  cooipoMnt  maa  tbagr  omild  not  have  faud." 


BNOINEBR'5  AND  MILLWRIQHT'5  A5515TANT. 

A  Collection  of  Useful  Tables,  Rules,  and  Data.  By  WiLLIAM  TsMPLBTpll 
Eighth  Edition,  with  Additions.   i8mo,  cloth     .      •      •      .  . 


"Occupies  a  foremost  place  among  books  of  this  Idnd.    A  mora  suitable  pteaoaC  to  an 
Btica  to  any  of  the  mecbanical  tradra  could  not  possibhr  be  made.*-"Jgwtfrfrf»y  Netn, 
**  A  dasawstHy  popuisg  woiki  It  should  baia  ths  *oia«8f'«fs«<iiymekaaie.'*««AitllrJb 

Di^tiz^  by  Google 


CROSBY  LOCK  WOOD  ^  SON*S  CATALOGUE. 


THB  MECHANICAL  ENQINBBR'S  RBPBRBNCB  BOOK. 

For  Machine  and  Boiler  Construction.  In  Two  Parts.  Part  I.  Gknkkal 
Encinbbrinc  Data.  Part  II.  Boilkr  Comstruction.  With  51  Plates  and 
nameroas  IlHittndons.  By  Nblsom  Folbt,  M.I.N.A.  Second  BdMon, 
Revised  throaj^Mmt  and  much  Enlarged.  FoUo,  half-bound .  JVSt^  dS8  8«« 

PART  I.^MBASURB&^nCUliranBMCBS  AMD  ASBAS,  SgOAKBS.  CUBBS. 

FOURTH  POWBRS.— SQUARB  AND  CUBB  ROOTS.— SURFACB  OF  TVBBS— RBCtPftOCAI^— 

LOGARITHMS.  —  MENSURATION.  — SPBaFIC   GRAVITIBS   AMD  WBIGHTS.— WOW  AND 

POWER. —  hhat.  — COMBUSTION.— Expansion   and   Contraction.'— Bxpamsion  of 

Cases.— STHAM.— STATIC  Forces.— Gravitation  and  Attraction.— Motion  and 
Computation  OF  rksi'lting  Forces.— Accumulated  Work.— Centrh  and  Radius 

OF    GYRAl  ion.— MOMENT    OF    INERTIA.— CENTRE    OF    OSCILLATION.— ELECTRICITY.— 

Strength  of  Materials.— Elasticity.— Test  Sheets  of  Metals.— Friction. — 
Transmission  of  Powhk.— Flow  of  Liquids  — Flow  of  Gases.— Air  Pumps,  Surface 

CONDHNSHKS.  Ac  — SPFF.n  OF  STEAMSHIPS.— PROPELLERS.— CUTTING  TOOLS.— FLANGHS. 

—Copper  Sheets  and  tubes.- screws.  Nuts,  Bolt  Heads,  &c.— various  Recipes 

AND  MlSCBLLANBOUS  MATTBR.— WITH  DIAGRAMS  FOR  VALVB-GBAR,  BBLTINC  AND 
ROTBS,  DISCHARCB  AMD  SUCTION  PmS.  SCRBW  PROTBUBRS,  AMD  COFPBH  FIPBS. 

part  11.— treating  of  power  of  boilbrs.— useful  ratios.— notes  on 
Construction.  —  Cylindrical  Boiler  Shells.  —  Circular  Furnaces.  —  Fi_at 
plates.- stays.  —  girders.— screws.  —  hydraulic  tests.  —  riveting.  —  boiler 
Sbtting,  Chimneys,  AND  mountings.— Fuels.  &c.— Examples  of  Boilers  and  Spbbds 
OF  Steamships.— No.MiNAL  and  Normal  Horse  power.— With  di  agraMS  WMt  AXX 
BOILBR  Calculations  and  Drawings  of  many  Varibtibs  of  Boilers. 

**Mr.  Foley  is  well  Tittcd  to  compile  such  a  work.  The  diagrams  are  a  great  featuxe  of  the 
nwk.  It  iii.iy  be  stated  that  Mr.  Foley  has  produced  a  volume  which  will  undoubtedly  fulfil  tiM 
derire  of  the  author  and  become  indispensable  to  all  mechanical  engineers." — Marine  EngitutTm 

"  We  have  carefuUjr  examined  this  work,  and  pronounce  it  a  most  excellent  referMOe  bOOk 
for  the  use  of  marine  engineers." — youmal  0/  Arntrican  Socuty  0/ Naval  Ettgiiutri, 

TBXT-BOOK  ON  THE  5TBAM  ENGINE. 

With  a  Supplement  on  Gas  Engines  and  Part  II.  on  Heat  Enginbs.  By 
T.  M.  GooDEVE,  M.A.,  Barrister-at-Law,  Professor  of  Mechanics  at  the  Royal 
College  of  Science,  London  ;  Author  of  "  The  Principles  of  Mechanics,"  '*  The 
Elements  of  Mechanism,"  &c.  Fourteenth  Edition.  Crown  8 vo,  cloth  .  6/0 
"Professor  Goodeve  has  given  us  a  treatise  on  the  steam  engine  which  will  bear  comparison 
irilll  anythinp  written  by  Huxley  or  Maxwell,  and  we  can  award  it  no  higher  praise." — Eneinttr, 

**  Mr.  GooUcvc  s  text-book  is  a  work  of  which  every  young  engineer  should  possess  himself." 
•-Mining  youmaL 

ON  OAS  ENQINBS. 

With  Appendix  describine  «  Recent  Bngine  with  Tube  IgiiitMr.   By  T.  M. 

GooDKVE,  M.A.    Crown  8vo,  cloth  2/6 

Like  all  Mr.  Gopdeve's  writuigs,  the  present  is  no  exception  in  point  of  geoenl 


ItbawloabieHttto  Totama.  "—Mtchanicml  iVrtd, 

QA5  AND  OIL  ENGINE  MANAQEMBNT. 

A  Practical  Guide  for  Users  and  .Xttendants,  Ijcing  Notes  on  Selection, 
Construction,  and  Management  By  M.  Puwis  Bale,  M.l  M.K.,  A.M. I.C.S. 
Author  of  **  Woodworking  Machinery, "  &c.  Crown  8vo,  cloth. 

THE  GAS-ENGINE  HANDBOOK. 

A  Manual  of  Useful  Information  for  the  Designer  and  the  Engineer.  By  E.  W. 
Roberts,  M.E.  With  Forty  Full-page  Enpravings.  Small  Fcap.  8vo,  leather. 

A  TREATISE  ON  5TBAM  BOILERS. 

Their  Strength,  Construction,  and  BcOBOmical  Wotfciag.    By R.  WULSON,  C.E. 
Fifth  Edition,    xamo,  cloth  Q/Q 
**  The  best  tiewtlie  tint  bis  ever  been  pnUiilied  on  stmn  boDeR.**»tA^ftfMMr. 

THE  MECHANICAL  ENGINEER'S  COMPANION 

of  Areas,  Circumferences,  Decimal  Equivalents,  in  inches  and  feet,  millinietres, 

auares,  cubes,  roots,  &c.  ;  Strength  of  Bolts,  Weight  of  Iron,  &c. ;  Weights, 
easures,  and  other  Data.    Also  Practical  Rules  for  l^J'f"*  fmpoctioos.  By 
R.  Edwards,  M.Inst.C.E.    Fcap.  8vo,  cloth.  S/Q 

"A  very  useful  little  volume.     It  COntalBS  UMiqr  tlblM.  data  and  nNOMMBldl 

generally  useful  to  engineers." — £hji inter. 


Digitized  by  Google 


MBCHANICAL  BNGIHBBRISG,  &c. 


A  HANDBOOK  ON  THB  5TBAM  ENGINE. 

With  especial  Reference  to  Small  and  Medium-sized  Engines.  For  the  Ubc  uf 
Engine  Makers,  Mechanical  Draughtsmen,  Engineering  Students,  and  users 
of  Steam  Power.  By  Herman  Habder,  C.E.  Translated  from  the  German 
with  additiomand  iterations,  by  H.  H.  P.  Powlbs,  A.M.I.C.K..  M.I.M.E. 
Third  £ditioo,  Revised*  With  nearly  s,ioo  lUnstcatkMii.  Crown  8vo, 
cloth  Net  7/6 


"  A  perfect  encyclopsedia  ef  the  steam  flnfffaie  and  its  detdls.  and  one  which  must  take  a  per- 
■HBent  jpuce  in  EngfUsh  arawinf-offices  and  workshops." — A  Foretnan  Puttfrn-fnaktr. 

"This  is  an  excellent  book,  and  should  be  in  the  hands  of  all  whu  are  interested  In  the  con- 
Itruction  and  design  of  inedium  sizeil  stationary  en^aes.  ...  A  careful  stu  ly  of  its  contents  and 
the  arrangement  of  the  sections  leads  tu  the  cuiiclusion  that  there  is  probably  no  other  book  like  It 
In  this  country.  The  volume  aims  at  showing  the  results  of  practical  expeiWIloa^  aad  ttceitatariy 
may  claim  a  complete  acliievenient  of  this  idea."— A'a/wre. 

"There  can  he  no  (Question  as  tu  its  value.  \\'e  cor(.lial]y  commend  it  tO  all  COUCenied in  the 
dutkign  and  con:>tructiou  ut  the  steam  engine." — itlichanicai  h'orld, 

BOILER  AND  FACTORY  CH1MNBY5. 

Their  Draught-Power  and  J^tability.  With  a  chapter  on  Lightning  Conductors. 
By  Robert  Wilson,  A.I.C.E.,  Author  of  "  A  Treatise  on  Steam  Boilers,"  &c 

Crown  8vo,  doth  9^8 

A  valuable  contiibutioo  to  the  htwattue  of  scientific  building.  "->rt«  Fnildtr 

BOILER  MAKER'S  READY  RECKONER  &  ASSISTANT. 

With  Examples  of  Practical  Geometry  and  Templating,  for  the  Use  of  Plater*, 
Smiths,  and  Riveters.  By  JoMN  COUSTMBV.  Edited  by  D.  K.  Clark, 
M  I. C.E.   Fourth  Edition,  480  pp.,  with  140  Illustrations.    Fcap.  8vc,  half- 

Loand  7/0 

**No  workman  or  appnentlce  ihould  be  without  this  book."~/inm  Trmde  Citxttlmr, 


REFRIGERATION,  COLD  STORAGE,  &  ICE-MAKING: 

A  Practical  Treatise  on  the  Art  and  Science  uf  Refrigeration.  By  A.  J. 
Wallis-Tayler,  A.M.Inst.C.E.,  Author  ot  "Refrigerating  and  Ice-Making 
Machinery."  600  pp.,  with  360  Illustrations.  Medium  8vo,  cloth.  JVri  1  5/0 

*'The  author  has  to  be  con^r.itiilattd  on  tlie  completion  ami  production  of  such  an  impor- 
tant work  and  it  c.innot  fail  to  have  a  lar^c  body  uf  readers,  fur  it  leaves  Ottt  notbinif  ttWt  WOUldin 
any  way  he  of  value  to  those  interestetl  in  the  subject." — Stearnsht/, 

"  .No  one  whose  duty  it  is  to  handle  the  mainiiioth  preserving  instlUstlons  of  thiSe  latter  days 

can  afford  to  be  without  this  valuable  book." — daxi^tnv  Hera'd. 

THE  POCKET  BOOK  OF  REFRlQERATiON  AND  ICB- 

MAKINQ. 

Edited  by  A.  J.  Wallis-Tayler,  A.M.Inst.C.E.  Author  of  "Refrigerating 
and  Iceoinakiiig  Bfachineiy,"  &c.  Small  Crown  Svo,  cloth. 

RBPRIQERATINQ  ft  ICB-MAKINO  MACHINERY. 

A  Desatiptive  Treatise  for  the  Use  of  Persons  Employing  Refrigerating 
and  IM-Making  Installations,  and  others.  By  A.  J.  WalliS'Iaylbr, 
A.-M.  Inst.  C.E.   Third  Edition,  Enlarged.  Crown  Svo,  cloth   .      .  7/6 

Practical,  explicit,  and  profusely  illustrated." — Glasgow  Herald, 

"  We  reconuiiend  the  book,  wliich  ^ives  the  c  ost  of  various  systems  and  illustrations  showing 
4lft****  of  parts  of  inachiner)'  and  tjencr.il  arrangements  of  complete  installations." — Builder. 

"  May  t>c  recommended  as  a  useful  description  of  the  machinery,  tiie  processes,  and  of  the 
facts,  hfures.  and  tabulated  pbysks  of  ■eiWgweilng.  It  ii  ene  e(  thebwt  eonpflatlcBS  en  the 
tubjocC  —iiivi'K^. 

BNQINBERINQ  ESTIMATES,  COSTS,  AND  ACCOUNTS. 

A  Guide  to  Commercial  Engineering.  With  numerous  examples  of  Estimates 
and  Costs  of  Millwright  Work,  Miscellan^us  Productions,  Steam  Engines  and 
Steam  B<»lers;  and  a  Section  on  the  Preparation  of  Costt  Accounts.  By 
A  General  Managbr.  Second  Edition.  Svo,  cloth.   ....   1 2/0 

**  TUs  Is  an  excellent  and  veifiinfultiook*  coming  subjectnnatter  incoMtantreqaliltlaala 
eweqr  iKioiy  and  workshop.  .  .  .  Tlie  book  Is  iavAlaaue,  not  only  to  the  young  engianw,  bet 
•Iw  to  the  OSttinte  departni«it  of  every  moxk^." -^Builder. 

■*  We  accord  the  work  uaquaJified  praise.  The  bifonnatlon  is  given  in  a  plain,  straightfcMrward 


and  l)cars  throughout  evidence  of  the  Intimate  practical  ■fniislntim^T  of  tke  anllior  with 
phase  of  commercial  engineering.  —Mtciutnicai  IVorld,  „  , 

Digitized  by  Google 


CROSBY  LOCKWOOD      SON'S  CATALOGUE. 


H015TINQ  MACHINERY. 

An  Elementary  Treatise  on.  Including  ihe  Elements  of  Crane  Construction 
and  Descripiiuiis  of  the  Various  Types  of  Cranes  in  Use.  By  Joseph 
Horner,  A.M.I.M.E.,  Author  of  '•Pattern-Making,  '  and  other  Works. 
Crown  Bvo,  with  215  Illustrations,  iaclading  Folding  Plates,  cloth. 

[  /usi  i  'ubiishcd.   Net  7/© 

AERIAL  OR  WIRE-ROPE  TRAMWAYS. 

Their  Construction  and  Management.  By  A.  J .  WALLi$>TAyi.BKt  A,M.inst.C.K. 
With  8t  lUustrationt.   Crown  Bvo,  doth  7/G 

"This  is  in  its  way  an  excellent  volume.  Without  goingf  into  tin-  i7iir,Liti?e  of  the  subject,  it 
yet  lays  before  its  rculcrs  a  very  ^.^ood  exjiosltion  of  the  various  systems  oi  10^.11;  transmission  in  USa» 
and  g^ves  as  well  not  a  little  valual>le  information  about  ttieir  woricinsf,  repair,  and  managfeniMlK. 
W«  can  safely  recommend  it  as  a  useful  general  treatise  on  the  subject."— /ii^  En^ttr. 

MOTOR  CARS  OR  POWBR-CARRIAQBS  FOR  COMMON 

ROADS. 

By  A.  J.  Wali.ts-Tayler,  A.  M.  Inst.  C.E.,  Author  of  "Modem  Cycles,*' 

&c.    312  pp.,  with  76  Illustrations.    Crown  8vo,  cloth    ....  4/6 

"  The  book  is  dearly  enifieisod  throughout,  and  is  Just  the  sort  of  work  that  an  engineer 
tbinking  of  turning  Us  sttcntMrn  to  fBOtor<»cfi«ge  work,  would  do  well  to  md  as  s  prelrminary 
to  starting  v^mf^am.'^^-Bf^^inuring* 

PLATING  AND  BOILER  MAKING. 

A  Practical  Handbook  for  Workshop  Operations.  By  Joseph  G.  Uornkr, 
A.M.I.M.E.   380  pp.  with  338  Illustrations.   Crown  8vo,  cloth    .      .  7/6 

"  This  work  is  charactt  ri  c  I  by  that  eridence  of  cloM  acquaintance  with  workshop  inethods 
which  will  render  the  book  exceedingly  acceptable  to  the  practical  hand.   We  have  no  he&iration 
in  commending  the  woik  ;is  a  scr\iceaMe  and  practical  handbook  on  a  subject  whic!i  has  not 
hitbeito  received  much  auentlon  from  those  qualified  to  doal  irith  it  in  a  satttlBCtory  manner. 
Mtckanical  IVorUU 

PATTERN  MAKING. 

A  Practical  Treatise,  embracing  ttie  Main  1  ypes  of  Engineering  Construction, 
and  including  Gearing,  Engine  Work,  Sheavi  md  Pulleys,  Pipes  ar.d  Columns, 
Screws,  Machine  Parts,  Pumps  and  Cocks,  the  Moulding  of  Patterns  in  Loam 
and  Greensand,  estimating  the  weight  of  Castings  &c.  By  Joseph  G.  Horner, 
A.M.I.M.E.  Thifd  Bditioo,  Enlarged.  With  486  lilustratioiu.  Crown  Svo, 
cloth.  Net  7/6 

**  A  well-written  technical  ^jide,  evidently  written  by  a  man  who  understands  and  has  prac- 
tised what  he  has  written  atxjut.  .  .  .  We  cordially  recommend  it  to  eng^ne'  ru  jr:  students,  young 
journeymen,  and  others  desirous  of  t>eing  initiated  into  the  mysteries  of  pattem-makuig. i^mVi^. 
"  An  excfilent  vade  mttHm  for  the  appfootlco  whodiMiM  to  baeona  toaster  of  his  trade." 

'-English,  Mechanic. 

MECHANICAL  ENGINEERING  TERMS 

(Lockwood's  Dictionary  of).  Embracing  those  ciirrf-nt  in  the  Drnwin^  Office, 
Pattern  Shop,  Foundry,  Fitting,  Turning,  Smiths',  and  Boiler  Shops,  &c.  Com- 
prising upwards  of  6,000  Definitions.  Edited  by  J.G.  Hornkr,  A.M.I.M.E. 
Third  Edition,  Revised,  with  Additions.    Crown  8vo,  cloth  .      .   Net  7/6 

^'  Just  the  sort  of  haiidy  dictionary  required  bj'  the  various  trades  engaged  la  mechanical  eo- 
gtneering.  The  practical  engineering  pupil  will  hnd  ih<  i  uk  of  great  valuaiB kit  ItlldtM^mlavary 
foreman  engineer  and  mechanic  sbotud  have  a  co^y.  —Buiiding  News. 

TOOTHED  QBARINQ. 

A  Practical  Handbook  for  Offices  and  Workshops.  By  J.HOBMBK,  A.lf,I.M.E. 
With  184  Illustrations.    Crown  8vo,  cloth  6/0 

'*  We  give  the  book  our  unquaUfied  praise  for  its  thoroughness  ol  treatment,  and  teeooBmcad 
it  to  aUfaitensted  a»  thanMSt  pfactical  book  on  the  sahlect  yet  vsln«B."— MwAmrfw/  l^'Mtf. 

P1RE5,   FIRE-tNUlNE3,   AND  FIRE  BRIGADES. 

With  a  History  of  Fire-Engines,  thdr  Constmction,  Use,  and  Manage* 

meat;  Foreign  Fire  Systems;  Hints  on  Fire-Brigades,  ftc.    By  C.  F.  T. 

YooNG,  C.E.    8vo,  cloth  £1  4a. 

To  such  of  our  readers  as  are  lnt«BMled  la  tlM  itthlect  of  files  and  fin  appantus  wo 
iieait%  commeiKl  tUi  book."   " — *  *— 
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aIBrial  navigation. 

A  Practical  Handbook  on  the  Construct  in  of  Dirieible  Balloons,  A&octatS, 
Aeroplanes,  and  Aeremotors.  ^By  Frederick  Waucsr,  C.E.,  Associate 
Member  of  the  ASronautic  Imtitule.  With  104  lUnstrations.  Large  Crown 
8vo,  cloth   «  7/6 

STONE-WORKING  MACHINERY. 

A  Manual  dealing  with  the  Rapid  and  Economical  Conversion  of  Stone.  With 
Hints  on  the  Arrangement  and  Management  of  Stone  Works.  By  M.  Powis 
Balk,  M.I.M.E.  Second  Edition,  enlaiged.  Grown  8 vo,  cloth  .  .  9/0 
"  The  book  should  be  in  the  hands  of  «v<iy  mason  or  studenS  of  itoaewoifc.'*'"  'Citflify 


Ai»»wi.»i  baadbaok  for  all  who  minhMilafta  ftona  for  ^iiMMam  m 


PUMPS  AND  PUMPINO. 

A  Handbook  for  Pump  Uien.  Bdnf  Notes  on  Selection,  Construction,  and 
Management.    By  M.  Powis  Balb,  M.I.M.E.    Fourth  Edition.  Crown 

8vo,  cloth  3/6 

"  The  matter  Is  set  f^rth  as  concisely  as  possible.   In  fact,  condensation  rather  than  dlflfiise- 

■Ml  has  been  the  author's  aim  throuj^out ;  yet  he  does  not  seem  to  have  omitted  atqfthlag  Uka^  to 

lM  of  use. " — youmal  of  Gas  Lighting. 

"  Thcrout:!i'y  practical  and  clearly  w  rittc  n.  "— './ajct"7t  Herald. 

MILLING  MACHINES  AND  PROCESSES. 

A  Practical  Treatise  on  Shaping  Metals  by  Rotary  Cutters.  Including 
InforaiHtioa  on  Making  and  (binding  the  Cutten*  By  Paul  N.  Haslock, 
Author  of  "Lathe-Work,"  WUbopwiudsof  sooEninmngi*  Large  crown  8vo, 

cloth  12/6 

'*  A  new  departure  in  engineering  literature.  .  .  .  We  can  recommend  this  work  to  all  la* 
ItWled  in  milling  machines  ;  it  is  what  it  professes  to  be — a  practical  Xx^aXK^^.  ' —Enginttr. 

"  A  capttai  and  reliable  book  which  will  no  doubt  be  of  considerable  service  both  to  those 
who  are  already  acQualatod  wita  the  pnoceM  m  well    to  thoee  who  oooieaiptate  te adopiloo.''<» 

ituiuslrxes. 

LATHE-WORK. 

A  Practical  Treatise  on  the  Tools,  Appliances,  and  Processes  employed  in 
the  Art  of  Tuiniiig.  By  Paul  N.  Hasluck.    Eighth  Edition.  Crown  8vo, 

cloth  5/0 

*'  Written  by  a  man  who  knows  not  only  how  work  oujKht  to  be  done,  but  who  also  knows  how 
todn  !t,  and  how  to  coavey  hit  koowtedge  to  oUMia.  To  ail  tttiaan  this  book  would  be  vahiabtei"— 

"  We  can  safely  recommend  the  work  to  yn-.n^^  engineers.    T   the  amateur  it  will  rimply  bo  - 
invaiuable.   To  the  student  it  will  convey  a  great  deal  of  useful  lhiomi»iiou."—£ftgiiutr» 

SCREW-THREADS, 

And  Methods  of  Producing  Them.  With  nufneroos  Tables  and  oompltte 

Directions  for  using  Scrcw-Cuiting  Lathes.  By  Paul  N.  HasloCKi  Author 
of  "  Lathe* Work,"  &c.    Sixth  Edition.    Waistcoat -pocket  size     .  .1/6 

**  Fun  of  useAil  information,  hints  and  practical  criticism.    Taps,  dies,  and  screwing  to<dS 

"ly  |re  illustrated  and  their  action  described."— Mfchnnical  If  orld. 

It  IS  a  complete  com^>endiutu  of  all  the  details  ol  the  screw -cutting  lathe  ;  In  fact,  a  muUum 
iH-parvo  on  all  the  subjects  it  treats  M^n."-^atftrtttrtmd  SuiUUr. 

TABLES  AND  MHMORANDA  FOR  ENOINEERSt 

MECHANICS,  ARCHITECTS.  BUILDERS,  &c. 
Selected  and  Arranged  by  Francis  Smith.  Seventh  Edition,  Revised,  including 
Electrical  Tablss,  Formuub,  and  Mbhoranda.    Waistcoat-pocket  size, 
limp  lenther.  [Just  Published.  1/6 

"  It  would,  perhaps,  be  a?i  difficult  to  make  a  small  pocket-book  sciectiun  of  notes  and  formulae 
to  suit  ALL  engineers  as  it  would  be  to  make  a  umvt-rsal  medicine  ;  but  Mt.  Sflntth^  WaiMCMK* 
pocket  collection  may  be  looked  upon  as  a  successful  attempt.  " — Engtfuer, 

"  The  best  example  we  have  ever  seen  of  370  pa^es  of  useful  matter  packed  Into  the  dimtti- 
stons  of  a  ca.Td  cAsc.  '—fiutidtn^  Xrwt.  "  A  veritable  v>'*'  ket  treasury  of  knowledge,"— /rw. 

POCKET  QL05SARV   OF  TECHNICAL  TERM5. 

English- French,  French-English;  with  Tables  suitable  for  the  Architectural, 
Enginecringi  Manufacturing,  and  Nuku  il  Professions.  By  John  James 
Fi.ETCHER.    Third  Edition,  200  pp.   Waisicoat-pocket  si2e,  limp  lenther  16 

"  It  ts  a  very  ijreat  advantajfe  for  readers  and  correspondents  hi  France  and  England  to  have 
so  large  a  nun.  [JL r  ni  the  w^jrils  rL-l.iimg  to  engineering  and  mar.uriuturcrs  cdiecttid In  a  HII|Nltian 
ffohime.   The  Uttlc  book  will  be  useful  both  to  sRudoits  sad  tiaTeUers.  '---./4r(i%«^<^l. 

"  The  glossary  of  terms  is  very  complete,  and  many  «f  thoTalilMan  oawattd  «dl  ifrang<ea 
Wo  conttdly  mminand  tha  hotik. '-mifyihanicai  _ 
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THE  ENQINEBR'S  YEAR  BOOK  FOR  IP04. 

Cmnprising  Formulae,  Rules,  Tables,  D&ta  and  Memoranda  in  Civil,  Mechanical, 
Electrical,  Marine  and  Mine  Engineering.  By  H.  R.  Kempk,  A.M.  Inst.  C.K., 
M.I.E.E.,  Principal  Technical  Officer,  Engineer'iD>Chief's  Office,  General  Post 
Office,  London,  Author  of  "A  Handbook  of  Electrical  Testins?,"  "The 
Electrical  Engineer's  Pocket-Book,"  &c.  With  x,ooo  Illustrations,  specially 
Bngmved  for  uw  work.  Crown  8vo,  900  pp..  leather*  ijmt  Pmbluk$d.  8/u 


"Kempe's  Year  Bj^k  really  rcquir<"i  no  commendation.    Its  sphere of  lISBAllliesS  is«ldel|r 

known,  .m  l  It  is  used  by  etii(ineen>  tlte  world  over.'— •7'A<  iin^nter, 

'  I     voiiuM  I*  tfMncdgr  In  edvnwe  of  matt  tUOu  pubHotioni  hi  tbii 

"  T!iu  valuable  and  well  di 
•ngijAcerb.  —SatunU^  Keview. 

Teems  with  iip4o4ite  hi  eteqr  hnncli  of  ^ 

Building-  News. 

"  The  needs  of  the  engineering  profession  could  hardly  be  supplied  in  a  more  admirable, 
complete  and  convenient  foim.  To  say  tbat  it  mere  than  sustains  all  comparisoas  is  prabe  of  tha 


highest  sort,  and  that  may  jutth^  ifur  youmal. 

"  There  is  certainly  Bpom  te  the  newoonMr,  n^h  sitpplles  erplanartont  WMi 
«dl  as  forrouUe  and  tables.  It  dMStfet  to  beeooB  one  of  the  meet  tnEceafiil  ef  the 


." — AnhiUct, 

**  Brings  together  with  gMat  skill  aD  the  techidcal  btfenmtlon  whkfa  an  eafftoeer  hie  to  nstt 

day  by  day.   It  is  in  every  way  admirably  equipped,  and  i*^  "^urc  to  prove  s-JcressfuT  " — Scotsfrtan. 

"  The  up-to-dateness  of  Mr.  Kempe's  compilation  is  a  quality  that  will  oot  be  lost  ou  the  busy 
people  fw  When  the  ivoili  Is  hiiended.''--GAM|inr  iSffrvML 


THB  PORTABLB  ENQINR 


A  Practical  Mantial  on  its  OMtttmctiott  ami  ICanageaienL    For  the 

of  Owners  and  Users  of  Steam  EogUMS  generally.     By  WiLLIAM  DVSON 

Wansbrouch.   Crown  8vo,  cloth    ••••••«•  3/6 

**Thlf  Itewoffkof  nine  to  those  whonsesteeia  maeblMqr.    .  .  ShoeUlbeiendhyt 
who  has  n  steam  enffaw,  on  a  ium  or  r 


IRON  AND  STEEL. 

A  Work  for  the  Forge,  Foundry^  Factory,  and  Office.    Containing  ready, 

useful,  and  trustworthy  Information  for  Ironmasters  and  their  Stock*takers I 
Managers  of  Bar,  Rail,  Plate,  and  Sheet  Rolling  Mills;  Iron  and  Metal 
Founders;  Iron  Ship  and  Bridge  Builders;  Mechanical,  Mining,  and  Con* 
suiting  Engineers ;  Architects,  Contractors,  Builders,  &c.  By  Charlxs  Hoakb, 
Author  of  "The  Slide  Rule,"  &c.    Ninth  Edition.   330:10,  leather       .  Q/Q 

CONDENSED  MECHANICS. 

A  Selection  of  Foimuls,  Rules,  Tables,  and  Data  or  the  Use  of  Engineering 
Students,  ftc   By  W.  6.  C.  Hughbs,  A.M.I.C.B.  Clrown  Svo,  dotn .  2/0 


"The  book  is  well  fitted  f  r  tli  se  who  are  preparinir  for  examination  and  wMl  tO 
their  knowledge  by  going  througL  iLeu  formulae  again.  — Manru  Engttuer, 

THE  SAFE  USE  OF  STEAM. 

Containing  Rules  for  Unprofcssionnl  Steam  Uten,  By  an  SmnMnnu  •  Seveo^ 
Edition.   Sewed   .      .      .      •  ffift. 


If  sUwa-nsMS  would  but  loan  this  Uttki  book  by  heart,  bofler 
brthairiaiity.''— AfitrArA   ' 


THE  CARE  AND  MANAGEMENT  OF  STATIONARY 

BNQlNeS. 

A  Practical  Handbdok  forMen4n-cfaarge^  By  C.  Hokst.  Crown  8vo.  N«l1/0 

THB  LOCOMOTIVE  ENGINE. 

The  Autobiography  of  an  Old  Locomotive  Engine.  By  RoBKKT  Wbathkr* 
BURN,  M.I.M.E.    With  Illustrations  and  Portraits  of  GBOKGBand  Robert 

Stephenson.    Crown  8vo,  cloth.  2/6 

THE  LOCOMOTIVE  ENGINE  AND  ITS  DEVELOPMENT^ 

A  Popular  Treatise  on  the  Gradual  Improvements  made  in  Railway  Engines 
between  1803  and  1903.  By  Clement  B.  Stkbtton,  C.E.  Sixth  Edition, 
Revised  and  Enlarged.    Crown  8vo,  cloth,  [Just  Publishtd.    Net  4/6 

I  "J*^^*!  ^  railway  history  and  all  who  are  taitetested  fai  the  evohittoa  of  the  mode:* 
losooMlhe  wm  find  much  to  attract  and  enteitafatai  this  vohime."— 7^  T»mf*. 
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MODERN  MACHINE  SHOP  TOOLS, 

THEIR  CONSTRUCTION,  OPERATION,  AND  MANIPULATION. 

Including  both  Hand  and  Machine  Tools.  An  entirely  New  and  Fully 
Illustrated  Work,  treating  this  Subject  in  a  Concise  and  Comprehensive 
Manner.  A  Book  of  Practical  Instruction  in  all  Classes  of  Macnine  Shop 
Plractice.  Including  Chapters  on-Filing,  Fitting,  and  Scraping  Surfaces  ;  on 
Drills,  Reamers,  Taps,  and  Dies;  the  Lathe  and  its  Tools  ;  Planers,  Shapers, 
and  their  Tools;  Miiliiig  Machines  and  Cutters;  Gear  Cutters  and  (iear 
Cutting;  Drilling  Machines  and  Drill  Work;  Grinding  Machioei*  and  their 
Work ;  Hardening  and  Tempering,  Gearing,  Belting,  and  Transmission 
Machinery;  Useful  Data  and  Tables.  By  Wili-Iam  H.  Van  Dervookt,  M  K. 
Illustrated  by  673  Kngravings  of  Latest  Tools  and  Methods,  ail  of  which  are 
fully  described.   Meduim  8vo,  cloth.  [Just  PubiishuL  JIV/ 21/0 

LOCOMOTIVE  ENGINE  DRIVINQ. 

A  Practical  Manual  for  Engineers  in  Charge  of  Locomotive  Engines.  By 
MiCNABL  Rbtnolds,  fenttcrly  LoooiBOtiire  Inspector,  L.  B.  ft  S.  C  K. 

Eleventh    Edition.     Indudillg   A   RXY   TO    Tl«   LOCOMOTIVB  Snginb. 

Crown  8vo,  cloth   4/6 

**Mr,  RwiKiMt  has  roppHed  a  want,  and  has  iqppfcd  it  ir«M.  W«  can  ceaM«i%  racom* 
BMud  the  booK  not  only  to  the  practical  driver,  but  tO  aveiyoiw  who  takai  an  iatanat  la  tlit 
pcffformance  of  locomotive  c:;^aaes."— TAr  Enginetr. 

"Mr.  Reynolds  has  o|x;ned  a  new  chapter  In  the  literature  of  the  day.  This  admirable 
practical  treatise,  oi  tiie  practical  utility  of  wUch  we  have  to  speak  ia  icruis  o£  warm  commendaliou." 


THE  MODEL  LOCOMOTIVE  ENGINEER, 

Fifeman,  and  Engine-Boy.   Comprising  a  Historical  Nodoe  of  the  Pioneer 

Locomotive  Engines  and  their  Inventors.    By  MiCHJkBL  RBVNOUMi  Second 

Edition,  with  Kevi^ied  Appendix.    Crown  8v0|  docfau    •      •      •      •  4/0 

"  We  should  be  glad  to  see  this  book  la  the  poMWirioB  of  ewiyona  la  tha  Hngitmn  irtio  has 
aver  kid,  or  li  to  lay,  haads  on  •  locomotive  engfaae."WrvM. 

CONTINUOUS  RAILWAY  BRAKB5. 

A  Practical  Treatise  on  the  several  Systems  in  Use  in  the  United  Kingdom  : 
tbeir  Constroctkm  and  Pexfonnance.  By  Michasl  Rbvmolds.   Svo,  cloth 

9/0 

"A  popular  explanation  of  the  difft  rriu  Irises,  It  will  be  of  gjeat  assistance  Informing 
pubttc  opinion*  and  will  be  studied  wuh  benetot  by  tbose  who  take  an  interest  in  the  brake."— £Mtg/«xA 

STATIONARY  ENGINE  DRIVING. 

A  Practical  Mantial  for  Engineers  in  Charge  of  Stationary  Engines.  By 
Michael   Reynolds.    Sixth'  Sdition.    With   Plate*   and  Woodcuts. 

Crown  8vo,  cloth  •  4/6 

•  **  Tbe  author^  advke  on  Oe  vaiknti  points  treated  is  dear  and  practical  "—Enginttring. 
**0«r  author  leaves  ao  stoaa  nntumcd.  He  is  determined  that  his  leaden  diall  aot  oaly 
know  something  about  tlie  stattonary  en^nne,  but  all  about  }it^^Siiigm*tr, 

ENGINE-DRIVING  LIFE. 

Stirring  Adventures  and  Incidents  in  the  lives  of  Locomotive  Engine* 
Drivers.  By  Mickabl  Rkvmolos.  Third  Edition.  Grown  8vo,  cloth  .  1/6 

"  From  first  to  l  i  t  ]  ■  rrc  :t!y  fascinating.  WiUi--  Ci  I'ins's  most  thrilling  conceptions  are 
thrown  into  tiie  stiade  by  true  mcidenta,  endless  la  tUeu  variety,  related  in  every  paire."— iV^<A 

THE  ENGINEMAN»5  POCKET  COMPANION. 

And  Practiea]  Bduoaor  for  Enginemen,  Boiler  Attendants,  and  Mechanics. 

I^y  Michael  Rkynolds.    With  45  Illnstraiions  and  nuiiuTDUS  Dis^rams 

I'  ourth  Kdittoo,  Revised.    Royal  i8mo,  suongly  bound  for  pocket  wear.  3/6 

**  A  most  iiMrttotkiel  voiIe,  giviag  in  a  succinct  and  practical  form  all  the  lafociDatton  an 
engine.niinder  deslrous  of  Dianeriag  tbe  sdeatific  prindides  of  his  daUy  calGag  woukl  raqulxe."— 

Th€  MilUr. 
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CIVIL  ENGINEERING,  SURVEYING,  ETC. 


PIONEBR  IRRIGATION. 

A  ^Tanual  < if  Iiifi^rmation  for  Farmers  in  the  Colonies.  By  E.  O.  Mawsom, 
Executive  Enginetr,  Public  Works  Department,  Bombay.  With  Numerous 
Plates  and  Diagrams.  Medium  8vo,  cloth. 

i/uti  remfy.  Prict  about  7/0  n€t* 

SUMliARY  OF  CONTENTS  :~VALUB  OP  iKJltGATION.  AND  SOURCES  OF  WATER 

SurPLY.— Dams  and  wbirs.^anals.— Undbrground  Water.— methods  of  irri. 
CATION.— Sewach  Irrigation.— Imperial  automatic  sluice  Gates.-thh  ci'i.rr. 
vation  of  Irrigated  Crops,  ViiGbtables,  and  Fruit  trees.— Light  railways 

FOR  HBAVy  traffic— USEFUL  MEMORANDA,  TABLES,  AND  DATA. 

TUNNBLLINQ. 

A  Praciical  Treatise.  By  CmaXLES  PKBUNI,  C.E.  With  additions  by 
Charles  S.  Hill,  C.E.  With  150  Diagrams  and  Illustrations.  Royal  8vo, 
cloth  iVff  1 6/0 

PRACTICAL  TUNNELLING. 

Explaining  in  detail  Setting-out  the  Works,  Shaft-sinking,  and  Heading-driving, 
Ranging  the  Lines  and  Levelling  underground,  Sub-Excavating,  Timbariim 
and  the  Construction  of  the  Brickwork  of  Tunnels.  By  F.  W.  SiMMS, 
M.Inst.  C.E.  Fourth  Edition,  Revised  and  Further  Extended,  including  the 
most  recent  (1895)  Examples  of  Sub-aqueous  and  other  Tunnels,  by  D.  Kinnbar 
Clark,  M.  Inst.  C.E.  With  34  Folding  Plates.  Imperial  8vo,  cloth  £2  2s. 

"  The  present  (1896)  edition  has  been  brought  right  up  to  date,  and  is  thus  rendered  a  work  to 
which  civil  engineers  generiilly  should  have  ready  access,  and  to  which  engineers  who  tiave  con- 
struction work  can  hardly  atford  to  be  without,  but  which  to  the  youns^r  members  of  the  professioa 
is  invaluable,  as  from  its  p«g«s  thejr  caa  iMum  the  ttite  to  waich  tne  iciMioe  of  tnnnelliac  hss 
attained."— /fa(Vz(»a>  News. 

THE  WATER  5UPPLY  OF  TOWNS  AND  THE  CON- 
STRUCTION OF  WATER-WORKS. 

A  Practical  Treatise  for  the  Use  of  Engineers  and  Students  of  Engineering. 
By  W.  K.  Burton,  A.M.  Inst.  C.E.,  Consulting  Engineer  to  the  Tokyo 
Water- works.  Second  Edition,  Revised  and  Extended.  With  numerous 
Plates  and  Illustrations.    Super-royal  Svo,  buckram.  [Just  Published.  26/0 

I.  Introductory.  —  II.  Different  Qualities  of  water.  —  ill.  quantity  op 
Water  to  be  Proviued.— IV.  on  ascertaining  whether  a  Proposed  source  of 
Supply  is  sufficient.  —  v.  on  Esit.mating  the  siorage  Capacity  requirbd 
to  bh  Provided.— -VI.  Classification  of  water-works.— VI I.  impounding  Kbser- 
voiRS.— VIII.  Earthwork  Dams,— IX.  Masonry  Dams.— X,  The  Purification  op 
Watbk.— XI.  Sei~iling  Rbsbrvoirs.— XII.  Sand  Filtration.— Xil I.  Purification 

OF  WATBR  BY  ACTION  OF  IRON,  8OFTBNING  OF  WaTBR  BY  ACTION  OP  LiMB.  NATURAL 
PlLTKATI(»f.— XIV.  SBRVICB  OR  CLHAN  WATBR  RBSBRVOIRS— WATBR  TOWRRS— STAND 
PiPBS.— XV.  TRB  CONNBCTION  OF  SBTTLING  RBSBRVOIRS,  FiLTBR  BBD8  AMD  SUtVICR 
RBSBRVOIRS.— XVX.  PUMPOfG  MA£aiNRRY.-XVII.  FLOW  OF  WATBR  Of  CONDUITS- 
PIPBS  AND  OPBN  CHAIIMBLS.-XVIII.  IMSTRIBtmOR  SYSTBIIS.— XIX.  SPBCIAL  PRO. 
VISIONS  FOR  THB  EXTINCTION  OF  FiRB.— XX.  PiPBS  PGR  WATER  WORKS.— XXI.  PRB- 

VBNTioN  OF  Waste  of  Watbr.— XXII.  Various  appliances  used  in  Connection 

WITH  Wa  I  RR  WokKS. 

Appkndi.k  I.  Ry  PROF.  JOHN  MILNE,  F.R.S  — Considerations  concerning  thb 
Probable  Effhcis  ok  Earth<^uakes  on  Waier- works,  and  TUR  SPBCIAL  PRB* 
cautions  to  liK  1  akhn  in  earthuuake  Countries. 

Appendi.x  II.  By  JOHN  DE  ItgKE,  C.E.— ON  SAND  DUMBS  AMD  DVMB  SAMD  AS 
A  Source  of  Water  supply. 

'*TlMdlS|>ter  upon  tiltration  of  water  is  very  complete,  and  the  detsBs  Of  constructioa  wall 
Illustrated.  .  .  .  Toe  work  should  be  specially  vahiaue  to  civil  engiaeeis  euciced  in  woiic  is 
Japan,  but  the  intemt  is  by  no  means  conlmed  to  that  locality."— ^ivphw. 

"  We  congratulate  the  author  uuon  the  i  nicticcil  conimonsense  shown  In  the  prepararion  of 
this  work.  .  .  .  The  plates  and  diagrams  have  evidently  been  prepared  with  great  caze,  aod 
caoiioc  6dl  to  be  of  giMt  aiatotaace  to  the  stad«nL''--^AlMAr. 

RURAL  WATBR  SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Construction  of  Water* 
wcHrks  for  small  Country  Districts.  By  Allan  Greenwbll,  A.M.I.C.E., 
and  W.  T.  Curry,  A.M.I.C.E.,  F.G.S.  With  IllustraUons.  Second  Edition, 
Revised.   Crown  Avoi  cloth     *  6/0 

"We  conscientiously  recommend  it  as  a  very  useful  book  far  thott  concetned  la  obtdaiac 
natar  for  small  districts,  giring  a  great  deal  of  practical  infonsatkm  la  a  saial  Irniniiiii  i  "  flWIin- 

*'  The  vohime  contiint  valuable  infoiiDBtioa  upon  all  oiattam  eooMCted  with  ivalsr  sapply. 
.  .  .  It  b  liin  of  defBs  eg  potota  which  aw  conttoaaBybetoto  walet^miiks  sagfaffc"— Ai6iga 
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THE  WATER  5UPPLY  OP  CITIES  AND  TOWNS. 

By  William  Humbbr,  A.  M.  Inst.  C.E.,  and  M.  Inst.  M.E.,  Author  of  "  Cast 
and  Wrought  Iron  Bridge  Construction,"  &c.,  &c.  Illustrated  with  50  Double 
Plates,  z  Single  Plate,  Coloured  Frontispiece,  and  upwards  of  250  Woodcuts, 
and  containing  400  pp.  of  Text.    Imp.  4to,  elegantly  end  sobetantiaUy 

half-bound  in  morocco  JITti  6e. 

List  of  Contents.  1.  HisioiuCAi.  Skbtch  op  somb  op  tmb  mbans  that  havb 

BBBN  AOOPTHO  FOB  IHB  SUPPLY  OP  WAIBB  TO  CtTIBS  AMD  TOWMS.— II.  WATBR  AMD 
THB  FOBBUai  MATnUt  USUALLY  ASSOCtATBO  WITH  IT.— UL  RAIMPALL  AMD  EVAPOBAp 
TfON.— IV.  SPBINGS  AND  THB  WaTBR-BBARING  FOR»IATtOMS  OP  VABIOUS  DiSTBICWb 

— V.  mbasurbmbnt  and  Estimation  of  thb  Flow  op  watbr.«-VL  On  thb  Sblbctiom 

OF  thb  SOURCB  op  supply.— VII.  wells.— VIII.  RBSBRVOIRS.— IX.THBPURIFICATIOM 

OP  Water.- X.  PUMPS.— XI.  pumping  Machinhry.—XII.  Conduits.— Xill.  Distribu* 
TioN  OP  Water  — XIV.  mkteks,  shrvich  Pipes,  and  House  Fittings.— XV.  Thb  Law 
AND  Economy  of  Water  works.- xvi.  Constant  and  intermittent  Supply.— 
XVII.  Description  op  Plates.— Appendices,  giving  tahlhs  op  Rates  op  Supply, 
Velocities,  &c.,  &c.,  together  with  Specifications  of  se\eral  Works  illus- 
trated, among  which  will  be  FOUND:  ABERDEEN,  HiDEFORD,  CANTERBURY, 
DUMDEB.  HALIFAX,  LAMBBTH.  ROTHERHAU,  DUBUN,  AND  OTHBBS. 

"  The  moit  Wftbtmutic  and  Taiuabie  work  npon  water  wapptf  htthwto  pcodnced  to  EngUsh,or 
in  mf  other  taaguace.  Mr.  Humber's  work  b  cherecterired  ahaott  throuirhout  by  an 
exhannwoH  mnch  mon  diittaioive  of  Franch  and  Gmnan  than  of  WwaHaK  toclmtcal  traattaaL" 

THE  PROGRESS  OF  ENGINEERING  (1863-6). 

By  Wm.  HtMiiKK,  A.M.Inst.C.E.  Complete  in  Four  Vols.  Containing  148 
Double  Plates,  with  Portraits  ami  Copious  Uescripti\  e  Letterpress.  Inipl.4to, 

half-morocco.    I'rice,  complete,  £1  2  1  2s.    or  each  Volume  sold  separately 
ut  £3  38.  per  Volume.    Dcscripiivc  List  o J  LonUntscn  application, 

HYDRAULIC  POWER  BNQINEBRINQ. 

A  Practical  Manual  on  the  Concentration  and  Transmission  of  Power  by 
Hydraulic  Machinery.  By  G.  Croydon  Marks,  A.M.  Inst.  C.£.  With 
nearly  eoo  lUostratioiis.  8vo,  doth.  Nti  9/0 

Summary  of  Contents.  Principles  >  f  Hydraulics.— Thr  Flow  of  Water. 

—HYDRAULIC  PRBSSURES.  MATERIAL.— TKST  LoaD  PACKINGS  FOR  SLIUINC.  SURFACES. 

—PIPE  Joints.— Controlling  Vaia  ks  — I'latfokm  Lifts.— Workshop  and  Foundry 
Cranes.— WakkhiU'sk  and  l)<)<  k  r ka.nh>.— hydraulic  Accumulaioks.— Presses 

FO  R  B  A  LING  an  D  OT  H  E  K  r  I  ■  K  I'O  S  F  >.  — S  H  H  [■:  r  .M  K  T  A  I  \V  n  k    1 NG  AND  FO  RG I NG  M  AC  M I N  K  R  Y. 

—Hydraulic  Rivmn  ers.— Hand,  Power,  and  steam  pumps.— Turbines.— Impulsb 
Turbines.— Reaction  Turbines.— Design  of  turbines  in  Detail.— Water  Wheels. 
—Hydraulic  Engines.— Recent  achievements.— pressure  of  Water.— action 
OP  Pumps.  iVc. 

.  "  We  have  nothing  but  praise  for  this  thorouirhly  valuable  work.   The  author  has  <pjccee<le(l 
la  lenderiiiK  bis  subject  interesting  ts  well  as  msxxviCC\\^"—PrtuticalEnginter. 

"Can  be  untMsitatingly  leooaunended as e useAil and up*tOHlate  manual  on  hydiauUc  tians* 
nilssioa  and  ntilisation  of  power."— iAelaNte/  World 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  &  FORMUL/E. 

For  Findins  the  Discharge  of  Water  from  Orifices,  Netches,  Weirs,  Pipes,  and 
Rivers.  With  New  FormulB,  Tables,  and  General  Information  on  Rain-&11, 
Catchment-Basins,  Drainage,  Sewerage,  Water  Supply  for  Towns  and  Mill 
Power.  By  John  Nbvillb,  C.E.,  M.R.I.A.  Third  Edition,  revised,  with 
additione.  Nmncroiis  Illtutratioas.  Crown  8vo,  cloth  ...  1 4/O 
**Xtls.  ofaBEncflshbooks  on  the  suhlect,  the  one  neaieit  to  coaiplelenen.*'-^f«AMrA 

HYDRAULIC  MANUAL. 

Consisting  of  Working  Tables  and  Explanatory  Text.  Intended  as  a  Guide  in 
Hydraulic  Calculations  and  Field  Operations.  By  Lowis  D'A.  Jackson, 
Author  of  "Aid  to  Survey  Practice,  "  "Modern  Metrology,"  &c.  Fourth 

Edition,  Enlarged.    Lai^e  crown  8vo,  ciotti  16/0 

"  The  author  has  constructed  a  manual  which  may  be  ecc^pled  as  a  truSiWUlthy  guide 
to  this  bnuichof  the«iigiiieer'sprofe9sioa.''--j5iv«iM<>'vv> 

WATBR  BNQINEBRINQ. 

A  Practical  Treatise  on  the  Measurement,  Storage,  Conveyance,  and  UtOisa- 
tion  of  Water  for  the  Supply  of  Towns,  for  Mill  Power,  and  for  other  Purposes. 
ByCHAXLBsSLAGG,  A. M.Inst. C.E.  Second  Edition.  Crown 8vo, cloth.  7/6 

"  As  a  small  practical  treatise  on  the  water  supply  of  towiis«BndeaiOBMa|)plcellOBief  weler* 
power,  the  work  ts  In  many  respects  excellent."— 
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THE  RECLAMATION  OF  LAND  FROM  TIDAL  WATERS. 

A  Handbook  for  Engineers,  Landed  Proprietors,  and  others  interested  iu 
Works  of  Ruclamation.   By  Am.  Beazblst,  M.lnst.  CE.   8vo.  cloth. 

^re^  10  6 

"  The  book  shows  in  a  concise  way  what  has  to  be  done  in  reclaimlinf  land  from  the  sea.  and 
the  W^it  way  of  doinsf  it.  The  work  contains  a  great  deal  of  practical  and  useful  infonnation  vfn  h 
cannot  fail  to  be  of  service  to  en^neers  entrusted  with  the  enclosure  of  salt  marches,  and  to  la.nd- 
OWnen  intending  to  reclaim  Und  Irom  the  sea." — Tfif  Enjjitufr. 

"  The  auwor  has  carried  out  bis  task  efficiemly  and  well,  and  bis  book  contains  a  lajr]ge 
amount  of  infowMtiott  of  giMtt  wuikm  to  wigiww»  and  otbera  teteraated  inwofksof  ndaiutkMk'* 
—Nature. 

MA50NRY  DAM5  from  INCEPTION  TO  COMPLETION. 

Including  numoroiu  Formulae,  Forms  of  Specificatioa  and  Tender,  Pocket 
Diacram  of  Forces,  ftc.   For  the  use  of  Cm\  wcoA  Mining  Engineets.  "By 

C.  F.  Courtney,  M.  Inst.  C.E.    8vo,  cloth  9/0 

"  The  volume  contains  a  good  deal  of  valuable  data.  Many  useful  suggestions  will  be  found 
in  the  remarks  on  site  and  ppatioa,  locatioa  of  dam,  fbimdatiQiiis  and  C0Batw»tk»o.*-^irtWif«v 

News. 

RIVER  BARS. 

The  Causes  of  their  Formation,  and  their  Treatnient  by  "  Induced  Xidai 
Scour**;  with  a  Descriotion  of  the  Snoceasful  Redwctiop  far  UtU  Method  of 
the  Bax  at  Dublin.   By  I.  J.  Mamk,  Assist.  Eng.  to  the  DaUm  Port  sod  Docks 

Board.   Royal  8vo,  cloth  T/S 

**  We  recommend  all  Interested  In  harboar  works— and,  indeed,  thoM  coocanad  fa  the 
i  i  provcments  of  rivers  gfenerally — to  read  Mr.  Mrinrt's  interesting  work."— ^i^fiM«rr. 

TRAMWAYS:  THEIR  CONSTRUCTION  AND  WORKING. 

Embracinc;  a  Comprehensive  History  of  the  System;  with  an  exhaustive 
Analysis  of  the  Various  MoUes  of  Traction,  including  Horse  Power,  Steam, 
Cable  Traction,  Electric  Traction,  &c. ;  a  Description  of  the  Varieties  of 
Rolling  Stock ;  and  ample  Details  of  Cost  and  Workin?^  Expenses.  New 
Edition,  Thoroughly  Revised,  and  Including  the  Progresi  recently  mndt  in 
Tramway  Construction,  &c.,  &c  By  D.  K.INNBAR  Clark,  M.  Inst.  C.E 
With  400  Illustratiotis.  8vo,  7S0  pp.,  buckram.  28/0 
"  The  new  volume  is  one  which  will  rank,  aiuone  tramway  eiijfineers  and  those  interested  in 
tiimw^  wofUngt  wkk  tbe  Authar's  «oiid<bBed  book  on  rattivar  machineiy.'*— TTIw  Snqplnaur* 

SURVEYING  A5  PRACTISED  BY  CIVIL  ENGINEERS 

AND  SURVEYORS. 
Including  the  Setting-out  of  Works  for  Construction  and  Surveys  Abroad,  with 
many  Examples  taken  from  Actual  Practice.  A  Handbook  for  use  in  Ae  Field 
and  the  Office,  intended  also  as  a  1  xt-book  for  Students.  By  Tohn  WiitTB- 
LAW.  Jun.,  A.M.  inst.  C.E.,  Author  of  Points  and  Crossings.  With  about 
360  Illustrations.   Demy  8vo,  clodi  JVc^  10/6 

"  l  liih  \Mirk  is  w  ritten  with  admir.ilile  lucidity,  ;iiul  wiW  certainly  l)C  fimnd  of  dfSthlCtvalue 

iM.th  t')  Ntiu'fiU;.  .iiid  tu  thohc-  e:i^';iged  in  actu.il  practice." — The  Builder. 

PRACTICAL  SURVEYING. 

A  Text-Book  for  Students  preparing  for  Exami nations  or  for  Survey- work  in 
tbe  GoionieSi  By  George  W.  Usill,  A.M.I.C.E.  With  4  Lithographic 
Plates  and  upwards  of  330  llltistrations.  Seventh  Edition.  Includinc;  Tables 
of  Natural  Sines,  Tangents,  Secants,  &c  Crown  Svo,  7/6  cioth;  or,  on  Thin 
Paper,  leather,  gilt  edges,  rounded  comers,  for  pocket  use .      .      .1 9/6 

"  The  best  forms  of  fastfiuneots  aie  detciibed  as  to  thdr  construction,  uses  and  modes 

of  employment,  and  there  are  innumerable  hints  on  work  and  equipment  such  as  tbe  author.  In 
l>is  experience  as  surveyor,  drau)^htsnian  and  teacher,  has  found  neoaaMy«ud  whlcb  ttkO  Madnt 
Ln  uij.  mexpeneiice  will  hncl  most  serviceable." — hnginttr. 

"  i  he  isst  book  wbicb  abookl  be  pat  ia  the  baac^  of  a  pvpO  of  0*0  EngfaeeAigt''— 

A  rchiUct. 

AID  TO  SURVEY  PRACTICE. 

For  Reference  in  Surveying,  Levelling,  and  Setting-out  \  and  in  Route  Sur- 
veys of  Travellers  by  Land  and  Sea.  With  Tables,  llltistrations,  and  Records. 
By  Lowis  D'A,  Jack«on,  A.M.I.C.E.  Second  Edition,  Enlarged.  Svo, 
cloth  12/8 

"Mr.  Jackson  has  1  roducoi'i  .1  valuable  r-aiU  rnfcum  for  t)ic  survt-yor.    We  -^in  recnramead 
J  his  book  as  containing  im  .iduilraulu  suppleiuc-nt  to  tUe  tciichm^  of  tl'-c  accumplisthed  surveyor. 

''The  author  bdnss  to  his  work  a  fortunate  union  of  theory  and  practical eacpertence  whl^ 
.1^ J  w,.  -  .1^ — -       Trr*T  T*  —y^w.  nrniitt  ftiit  tmrtk  a  nay  iiiiAil  iwa  "  iwaftr 
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SURVBYINO  WITH  THB  TACH60MBTER. 

A  practical  Mamial  for  the  use  of  Civil  and  Military  Engineers  and  Surveyors. 
Inclndins  two  series  of  Tables  specially  computed  for  the  Reduction  of 
Readings  in  Sexagesimal  and  in  Centesimal  Dqgrees.  By  Neil  Kennedy, 
H.  Idat.  CE.  With  Dwgnuns  and  Platas.  Demy  Svo,  dotb.     Uti  10/6 

"  The  work  is  very  clearly  written,  and  should  remove  all  difficulties  in tiw  way  Oiaaynunrqror 

desirous  of  making  use  of  this  useful  and  rapid  instrument."— A'aft<r<. 

BNQINEER'S  &  MINING  SURVEYOR'S  FIELD  BOOK. 

Consisting  of  a  Soriot  of  Tables,  with  Rules,  Explanations  of  Systems^  and 

ose  of  Theodolite  for  Tnnwne  Surveying  and  plotting  the  work  with  mtnute 

accuracy  by  means  of  Straight  Edge  and  Set  Square  only  ;  Levelling  with  the 

Theodolite,  SettingK>ut  Curves  with  and  without  the  Theodolite,  Earthwork 

Tables,  ftc.    By  w.  Davis  Haskoll,  CB.  Widi  muneroitt  Woodcuts. 

Fourth  Edition,  Enlarged.    Crown  8vo,  cloth  1 2/0 

"TtebooklsveiyhaBdy;  tbesepuate  tables  of  sines  and  tiagents  to  ereiy  minute  wUlouUce 
It  ttseftil  for  many  other  purposes,  the  genuiac  USTcnc  tables  exlsdnf  all  tl>e  sane."— ^^AoMrtMn. 


LAND  AND  MARINE  SURVEYING. 

In  Reference  to  the  Preparation  of  Plans  for  Roads  and  Railway ;  Canals, 
Rivers,  Towns'  Water  Supplies;  Docks  and  Harbours.   With  Description 

and  Use  of  Surveying  Instruments.  By  W.  Davis  Haskoll,  CE.  Second 
Edition,  Revised,  with  Additions.    Large  crown  8vo,  cloth    .       .      .  9/0 

**  This  book  must  prove  of  great  value  to  the  student.    We  have  no  hesitation  In 
mending  It.  feeling  assured  that  it  will  more  than  repay  a  careful  study."— Metkanica/  fVorUU 

'*  A  most  useful  book  for  the  ^dent.    We  can  strongly  recommend  tt  as  a  carefullyw 
«ul  wsliaalile  text-book.  It  a^oys  a  weUrdeserved  repute  anioaig  mntifW»."—£M$ider, 


PRINCIPLB5  AND  PRACTICE  OP  LBVBLLINQ. 

Showing  its  Application  to  Purposes  of  Railway  and  Civil  Engineering  in 
the  Construction  of  Roads  ;  with  Mr.  Telford's  Rules  for  the  same.  By 
Frederick  W.  Simms,  M.  Inst.  CE.  Eighth  Edition,  with  Law's  Practical 
Examples  for  Setting-out  Railway  Curves,  and  Tbautwxnb's  Field  Practice 
of  Laying-out  Circular  Curves.    With  7  Plates  and  numerous  Woodcuts. 

8vo  8/6 

"  The  text -book  on  levelling  in  most  of  our  engineering  schools  and  coUeges."— jEnfine^. 
"TlM  publisbeis  tiave  rendered  a  substantial  service  to  tlie  prolienion.  espedMly  to  the 
by  bringing  em  Uiepfeaente«ntkm  of  Mr.  SImms's  useful  ironc."  ~ 


AN   OUTLINE  OF  THE   METHOD  OF  CONDUCTING 

A  TRIQONOMBTRICAL  5URVBY. 

For  the  Formation  of  Geographical  and  Topographical  Maps  and  Plans,  Mili< 
tary  Reconnaissance,  LEVELLING,  &c.,  with  Useful  Problems,  Formulae, 
and  Tables.  By  Lieut. -General  Froms,  R.£.  Fourth  Edition,  Revised  and 
partly  Re>written  by  Major-General  Sir  Craklbs'Wjuubn,  G.CM.G.,  R.E. 
vTith  ig  Plates  and  1x5  Woodcuts,  royal  8vo,  cloth     •      •      .      .  16/0 

"No  words  of  praise  from  us  can  strengthen  the  position  so  weD  and  so  steadily  fyHfk^ 
by  tMi  worlL.  Sir  nisrtns  Warren  has  revised  the  enure  work,  and  made  such  addinons  as  wsse 
neoaMHf  to  bring  Cfssy  pottkm  of  the  contents  up  to  tbe  pwient  date."— ArMuf  ^rrvsv. 


TABLE5  OF  TANGENTIAL  ANQLE5  AND  MULTIPLES 
FOR  dBTTlNQ-OUT  CURVBS. 

From  5  to  200  Radius.  By  A.  Beazelev,  M.  Inst.  CE.  6th  Edition, 
Revised.  With  an  Appendix  on  the  use  of  the  Tables  for  Measuring  up 
Curves;  Printed  00  50  Cards,  and  told  in  a  doth  box,  waistcoat-podcet  siie. 

3/6 

**  Each  table  Is  printed  on  a  small  card,  which,  placed  on  the  theodolite,  leaves  the  hands  free 
t>  auntpttlste  tbe  instrument— no  small  advantage  as  regards  the  rapidity  of  work."— £M^»«tfr. 

**yaqr  handy:  a  man  nay  know  that  att  his  dw's  woric  must  ftdl  on  two  of  tlMse  caiidtt,  iriiicb 
k*  pots  Into  liis  own  card-case,  and  leaves  tbe  test  Mted."    '  ' 


HANDY  GENERAL  EARTH-WORK  TABLES. 

Giving  the  Contents  in  Cubic  Yards  of  Centre  and  Slopes  of  Cuttings  an^ 
BmbaaloDentt  from  3  inclies  to  80  faet  in  Depth  or  Height,  for  ue  wMi  either 
66  feet  Chain  or  zoo  feet  Chain.  J.  H.  Watsom  BvCKf  M.InftC.£. 
On  9  Sheet  moonted  in  doth  case    •«.•••••  8/ A, 
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BARTHWaRK  TABLES. 

Showing  the  Contents  ir.  Cubic  Yards  of  Embankments,  Cuttings,  &c.,  of 
Heigbu  or  Depths  up  to  an  average  of  80  feeu  By  Jc^pu  Broadbsnt,  C. £. , 
and  FRANCIS  Campin,  C.E.  Crown  Svo,  dotli  5'0 

"  The  way  iiv  whu  1i  <  <  iracy  is  attained,  by  a  simple  divisi  >n  of  i>a  1^  cross  secddn  intio  llmi 
elements,  two  in  which  are  constant  and  one  variable,  is  ingtxuoui.  '— A (ktmrum, 

A  MANUAL  ON  EARTHWORK. 

By  Alex.  J.  Graham,  C.E.  With  onmerous  Diagrams.  Second  Edition. 
i8mo,  cloih  2^6 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS. 

A  Practical  and  Theoretical  Essay.   By  T.  H.  Watson  Buck,  M.  Inst.  C.E., 
Resident  Engineer,  L.  and  N.  W.  R.    With  Folding  Plates,  8vo,  cloth  1 2/0 
"  Many  of  the  metho  I,  ij'  en  are  of  extreme  practical  value  to  the  mason,  an  1  tht-  obs^^irva- 
ticms  on  the  form  of  arch,  the  rules  for  ordenog  the  stone,  and  the  ccuistniction  of  the  temt 
will  be  found  of  cooaidenlite  tisa.   W«  eamiiNnd       tioek  to  tlM  oagtaMilqg  pn' 
BuiitUn^  News. 

"  Will  be  r^arded  by  civil  engineers  as  of  the  ntnott  mHaa^  and  calcultfed  to 
t  and  obviata  many  mistakes,"  C»Ui^y  GuardiaH. 


CAST  &  WROUGHT  IRON  BRIDQB  CONSTRUCTION 

(A  Complete  and  Practical  Treatise  on),  including  Iron  Foundations.  In 
Three  Parts.— Theoretical,  Practical,  and  Descriptive.  By  Wiuliam  Hombbb, 
A.  M.  Inst.  C.E. ,  and  M.  Inst.  M.E.  Third  Editipn,  revised^  and  nmch  im* 
proved,  with  115  Double  Plates  (j  j  of  vvhich  now  first  appear  in  this  edition), 
and  numerous  Additions  to  the  Text.  In  a  vols.,  imp.  410,  half 'bound  in 
morocco   18a*  0p» 

"  A  very  valuable  contribution  to  the  standard  literature  of  civil  en^neerin^.  In  addition  to 
elevations,  plans,  and  sections,  lar^je  scale  details  are  given,  which  very  much  enhance  the 
InStfQCtive  worth  of  those  illustrations.' — Civii  Eni^^fuer  and  Architfcf  s  yourttai. 

"Mr.  numbers  stately  vohimes,  lately  issued — in  which  the  most  important  bridi^es 
erei  red  during;  tlie  last  five  years,  under  the  direction  of  the  late  Mr.  Brunc,  Sir  W.  CuL-iitt. 

Mr.  Hawkshaw,  Mr.  Page.  Mr.  Fowler,  Mr.  Hemans,  and  others  among  our  most  eminent 
an  diawn  and  spodfad  In  gveat  4  ~ 


ESSAY  ON  OBLIQUE  BRIDGES 

(Practical  and  Theoretical).    With  13  large  Plates.    By  the  late  Gbobgb 

Watson  Ruck,  M.I. C.E.  Fourth  Edition,  revised  by  his  Son,  J.  H.  Watsou 
Buck,  M.I.C.E.  ;  and  with  the  addition  of  Description  to  Dianams  for 
Facilitating  the  Constmcttoa  of ObUqae  Bridffes,  byW.  H.  Baslow,  If.I.CE. 

Royal  8 vo,  cloth  1  2'0 

"The  standard  text-book  for  all  engineers  reg^arding  skew  arches  Is  Mr.  Ruck's  treatLsc, 
and  It  would  l>e  impossibleto  consult  a  better."— Ani  i'.-  fV 

"Mr.  Buck  s  treatise  is  recognised  as  a  stanuard  text-book,  and  his  treatment  has  divested 
the  subject  of  manv  of  the  intricacies  supposed  to  belong  to  it.  As  a  guide  to  the  engineer  sad 
aicUtect,  (m  a  conMsaadly  difficult  subject,  Mr.  Buck's  work  is  unsurpassed."— AtM/^^M^AinM. 

THE  CONSTRUCTION  OP  OBLIQUE  ARCHES 

(A  Practical  Treatise  oo).   By  JOWC  HasT.   Third  fiditioo,  with  Plates 

Imperial  Svo,  cloth  8/0 

GRAPHIC  AND  ANALYTIC  STATICS. 

In  their  Practical  Application  to  the  Treatment  of  Stresses  in  Roofs  Solid 
Girders,  Lattice,  Bowstring,  and  Suspension  BrtdgeSj  Braced  Iron  Arches  and 
Piers,  and  other  Framework;;.  By  R.  HUDSON  GRAHAM,  CE.  Containing 
Diagrams  and  Plates  to  Scale.  With  numerous  Exampb's,  many  taken  froro 
existing  Structtires.  Specially  arranged  for  Class- wori:  10  Colleges  and 
Universities.   Second  Edition,  Revised  aiid  Ealarfed.  Svo,  cloth    .  18/0 

"  Mr.  Graham's  book  will  find  a  place  wlMfever  graphic  and  analytic  italics  aaa  osad  «r 

ttudied.  "—Engineer. 

"  The  work  is  excellent  from  a  practica  point  of  view,  and  has  evidently  been  prepared 
with  much  care.  The  directions  for  worldng  are  ample,  and  are  Ulustrated  by  an  abundance  of 


WEIGHTS  OP  WROUGHT  IRON  &  STEEL  GIRDERS. 

A  Graphic  Table  for  Facilitating  the  Compatatioil  of  the  Weights  of  Wrotute 
Iron  and  Steel  Girders,  &c.,  for  Parliamentary  and  Other  Katimain.  By 
.J.  H.  Watsov  Buck,  M.  Inst.  CE.  On  a  Skaat         »     .     .     .  2/8 

Digitized  by  Google 
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QEOMBTRY  FOR  TECHNICAL  STUDENTS. 

An  Introduction  to  Pure  and  Applied  Geometry  an  !  tl  c  Mensuration  of 
Surfaces  and  Solids,  including  Problems  in  Plane  Geometry  useful  in  Drawing. 
By  E.H.  Spit AGUE,  A.M.I. CE.  Crown  8vo,  doth.  {Just  PnhHMktd.  Nei'iiQ 

PRACTICAL  GEOMETRY. 

For  the  Architect,  Engineer,  and  Mechanic,  Giviiig  Rules  for  the  Delineation 
and  Application  of  v.-irious  Geometrical  Linn,  FigureSi  WOA  Curves.  By 
E.  W.  Tarn,  M.A,,  Architect.    8vo,  cloth  ,  9/0 

**  No  book  with  the  same  objects  iu  view  has  erer  been  published  In  whicb  the  clearness  of 
the  rules  laid  down  and  the  xUiuttatlve  diagram*  hare  bata  so  •■tiifcctBiy.'*  Swftiww. 

THE  GEOMETRY  OF  COMPASSES. 

Or,  Problems  Resolved  by  tbe  mere  Detcrijitiaa  of  Circles  end  the  Use  of 
Coloured  Diagrams  and  Symbols.    By  Guvbk  Bvknb.   Coloured  Plates. 

Crown  8vo,  cloth        .       ,  3/0 

EXPERIMENTS  ON  THE  FLEXURE  OF  BEAMS 

Resulting  in  the  Discovery  of  New  Laws  of  Failure  by  iiuckling.  By  Albert 
£.  Guv.   Medium  8vo,  cloth.  [/imI  Publishsd,   Net  9/0 

HANDY  BOOK  for  THE  CALCULATION  op  STRAINS 

In  Girders  and  Simiiar  Structures  and  their  Strength.  Consisting  of  Formulae 
and  Corresponding  Diagrams,  with  numerous  details  for  Practical  Applica* 
tion,  &c.  By  William  Humber,  A.  M.  Inst.  C.E.,  &c*  Fifth  Edition. 
Crown  8vo,  with  nearly  too  Woodcuts  and  3  Plates,  cloth  .  .  .  7/6 
"  The  formulae  are  neatlv  expressed,  and  the  diagrams  good."—j^iMenaum. 
W«  heaitihr  comiiMiia  this  raalfar  Mamd»  boolc  to  our  angineec  and  architect  leeden."— 
Bmmttik  Mtokmrnir 

TRUSSES  OP  WOOD  AND  IRON. 

FracUcal  Applications  of  Sctenoe  in  Determining  the  Stresses,  Breaking 

Weights,  Sale  Loads,  Scantlings,  and  Details  of  Construction.    With  Complete 

Working  Drawings.   By  William  Grippiths,  Surveyor.   8vo,  doth  4/6 

**Tids  beady  little  book  eateis  so  eynutdjr  into  evaiy  detail  connected  with  the  con* 
ttniction  frf  roof  truma  that  no  ttitditwt  need  be  iffnorant  of  ttifiia  miitufi  **  n>  n  <  tf i  ■  f  fTii  n  imm  1 

THE  STRAINS  ON  STRUCTURES  OP  IRONWORK. 

With  Practical  Reamifca  on  Iron  Cooscmctioa.  By  F.  W.  SiOEiusa,  M.LC.E. 
8vo^  docb  6/Q 

A  TREATISE  ON  THE  STRENGTH  OP  MATERIALS. 

With  Roles  for  Application  in  Ardiltectore,  tbe  Constractioa  of  Suspension 

Bridjies,  Railways,  &c.  By  Peter  Barlow,  F.R.S.  A  new  Edition,  revised 
by  bis  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S.  ;  to  which 
are  added,  Experiments  by  Hodgkinson.  Fairbaikn,  and  Kibkaldv;  and 

Formula  for  calculating  Girders,  &c.'  Edited  by  Wm.  HuMBBBi  A.M.LC.E. 
8vo,  400  pp.,  with  19  Plates  and  numerous  Woodcuis,  cloth  .       .       .  18/0 

*'  ValuaMe  alike  to  the  student,  tyro,  and  the  experienced  practitioner,  it  wUi_always  rank 
in  lutnm  as  it  IM  Iritbefto  dimek  «s  the  itandaid  tfestise  on  that  particular  subleet.'' 


5APE  RAILWAY  WORKING. 

A  Treatise  on  Railway  Accidents,  their  Cause  and  Prevention ;  with  a  De> 
sciiption  of  Modern  Appliances  and  Systems.  By  Clemfvt  E.  Strktton, 
Cfl.    With  lUustratious  and  Coloured  Plates.    Thira  Kdiiiua,  i^niarged. 

Crown  8vo,  cloth   3/6 

**A  book  fbr  tiim  nnginonr  tike  directors,  the  manaeen;  end,  in  iliott.  al  wiio  wish  for 

lafsmallon  on  nOwey  aietien  wfll  ftaid  a  perfect  encyclopaedia  in  'Safe  Raflwey  Working.' 

Raiituay  Review. 

EXPANSION  OF  STRUCTURES  BY  HEAT. 

By  John  Kbilt,  CE.,  lau  of  the  Indian  Public  Worits  Department.  Crown 

8vo,  cloth  3/6 

**  The  aim  the  author  has  set  before  him,  yiz.,  to  show  the  effects  of  heat  upoo  metallic  aad 

other  structures,  is      Inurl.itilc  one,  for  this  is  a  br.iMch  of  i-liysics  uyow  wfilch  Hm  eagiBeev  Off 

avcbltact  can  tmd  t>ut  little  reliable  and  comprehensive  dau  in  hooks.  —HuiJtUr, 

Digitized  by  Google 
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PUBLICATIONS   OF  THE  ENGINEERING 
STANDARDS  COMMITTEE. 

The  Kngin-ekring  Standards  Committi;k  is  the  outcome  of  a 
Comniittt'f  ajipoiiilL'tl  by  the  Institution  of  Civil  Engineers  at  the  instance 
of  Sir  John  Wolfe  Barry,  K.C.B.,  to  inquire  into  the  advisability  ot 
Standardising  Rolled  Iron  and  Steel  Sections. 

The  Committee  is  supi>orte(l  by  the  Institution  of  Civil  Engineers,  the 
Institution  of  Mechanical  Engineers,  the  Institution  of  Naval  Architects, 
>  the  Iron  and  Steel  Institute,  and  the  Institution  of  Electrical  Engineers ; 
and  the  value  and  importance  of  its  labours  has  been  emphatically 
recognised  by  his  Majesty's  Government,  who  have  made  a  liberal  grant 
from  the  Public  Funds  by  way  of  contribution  to  the  financial  resources  of 
the  Committee. 

The  subj(!('ts  already  dealt  with,  or  under  consideration  by  the 
Committee,  include  not  only  Rolkd  Iron  and  Steel  Sections,  but  Tests 
for  Iron  and  Steel  Material  used  in  the  Construction  of  Ships  and  their 
Machin'^ry,  Bridges  and  General  Build  ng  Construction,  Railway  Rolling 
Stock  Underfranies,  Component  Parts  of  Locomotives,  Railway  and 
Tramway  Rails,  Electrical  Plant,  Insulating  Materials,  Screw  Threads  and 
Limit  Gauges,  Pipe  Flanges,  Cement,  &c. 

Reports  already  Published  : — 

1.  BRITISH  STANDARD  SECTIONS. 

List  I.  Equal  Angles — List  2.  Unequal  ANta.fcs.—Lijit  3.  Bulb  Angles. 
list  4.  Bulb  Tbbs.— List  5.  Bulb  Plates.— List  7.  Chamnbls.— -List  8. 
Beams,  F'cap.  folto,  sewed.  [/m/  PtAlWud,  Ntt  I/O 

2.  BRITISH  STANDARD  TRAMWAY  RAILS  AND  FISH 

PLATES:  STANDARD  SECTIONS  AND  SPECIFICATION. 

F'cap.  folio,  sewre  l.  \Jiiti  Pmiihed.  N«i  21 /O 

3.  REPORT  ON  THE  INFLUENCE  OF  GAUGE  LENGTH 

AND  SECTION  OP  TEST  BAR  ON  THE  PBRCENTAOB  OF 
ELONGATION. 

By  Professor  W.  C.  Unwin,  F.R.S.    F'cap.  folio,  sewed. 

4.  PROPERTIES  OF  STANDARD  BEAMS. 

Demy  8vo,  sewed.  [JmtPfaUM,  Nti  MQ 
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MARIN£  ENGINEERING,  SHIPBUILDING, 

NAVIGATION,  ETC. 


THE    NAVAL    ARCHITECT'S    AND  SHIPBUILDER'S 
POCKBT»BOOK  of  PomnibB,  Roles,  and  Tables,  and  Marine  Encineer's  and 

Surveyor's  Handy  Book  of  Reference.  By  Clement  Mackrow,  M.I.N. A. 
Kgbta  Sdition,  Carefully  Revised  and  Enlarged.  Fcap.,  leather.  Net  12/6 

SUMItikRy  OP  CONTBNTS;— StGMS  AND  SYMBOLS.  DBCtltAI.  PRACTIONS.— TRIGO- 
ltOMBTKV.«-Fi;ACnCAL  GBOMBTRY.— MENSURATION.— CBMTRBS  AND  MOMENTS  OF 
PiCUftSS.— MOMBNTS  OF  INERTIA  AND  RADII  OF  GYRATION.— ALGEBRAICAL  EXPRESSIONS 

FOR  Simpson  s  Ri'les.— MFffiANiCAi,  Principuhs.— Cbntre  of  Gravity.— Laws  of 
Motion  — Displace.ment,  centre  of  buoyancy.— Centre  oh  Gravity  of  Ships 
Hull.— Stability  Curves  and  Metacentres.— Sea  and  Shallow-water  Waves. 
— rollinc;  ok  ships.— propulsion  and  resistance  of  vessels.— speed  trials.— 
Sailing  Centre  of  Effort.— Distances  down  Rivers.  Coast  Lines.— Steering  and 
Rudders  of  Vessels.- Launching  Calculations  and  Velocities.— weight  of 
Material  and  Gear. —gun  Particulars  and  weight.— sianparu  Gauges.— 
Riveted  Joints  and  Riveting.— Strength  and  Tests  of  Materials.— Binding 
AND  Shearing  Stresses,  &c.— Strength  of  Shafting.  Pillars,  wheels.  Ac- 
Hydraulic  Data,  &c.  —  Conic  Sections,  Catenarian  curves.  —  Mechanical 
Powers.  Work.— Board  of  Trade  Regulations  for  Boilers  and  Engines.— Board 

OF  TRADE  regulations  FOR  SHIPS.— LLOYD  S  RULES  FOR  BOILHRS.— LLOYD  S  WEIGHT 
OF  CHAINS.— LLOYD'S  SCANTLINGS  FOR  SHIPS.— DATA  OF  ENGIMBS  AND  VESSELS.— 
SHIPS'  FITTINGS  AND  TBSTS.<~SBAS0NING  PEBSBRVING  TtMBBR.-4tfBASURBMRNT  OP 
TlUBBB.— ALLOYS.  PAINTS.  VABNISHBS.— DATA  POR  STOWAGB.— ADMIRALTY  TRANS* 
PORT  RBGULATIONS.— RULBS  FOR  HORSB>P0WBR,  SCRBW  PROPBLLBRS,  «CC.— PBR- 
C8NTA6B8  FOR  BUTT  STRAPS.  Ac— PARTICULARS  OF  YACHTS.— MASTING  AND  RIGGING 
VBS8BLS.—>  DISTANCES   OP    FORRIGN   PORTS.  —  TONNAGB   TABLBS.— VOCABULARY  OF 

Prbnch  and  English  tbrms. —  English  weights  and  mbasurbs.  —  Foreign 
weights  and  measures.— decimal  equivalents.— foreign  money.— discount 
AND  Wages  Tables.— Useful  .numbers  and  Ready  Reckoners.— Tables  of 
Circular  measures.- Tablks  (jf  areas  of  and  circumferences  of  Circles.— 
Tables  of  areas  of  Segments  of  circles.— Tables  of  Squares  and  Cubes  and 
Roots  of  numbers.— Tables  of  Logarithms  of  numbers.— tables  op  Hyper- 
bolic Logarithms.  — Tables  of  Natural  sinks,  Tangents,  &c.— Tables  of 
Logarithmic  Sines,  Tangents.  &c. 

"  In  these  days  of  advanced  knowledge  a  weric  like  this  is  of  tbe  greatest  vahia.  It  contains 
OMMiat  of  infurmalion.  We  oabesitatingly  say  that  it  is  the  moH  nduaUe  coaapflatloo  for  Its 

 puipoae  that  bai  ever  bean  printed.  No  naval  aicUtect,  engineer,  surveyor,  leaman, 

wood  or  lion  shipbuikler.  can  aiiocd  to  be  wWumt  tills  wo^'*^NmttHeui  Magujnm. 

■'SMMaldbensed  byallvriw  an  mgngtd  in  Ito  coositacHon  or  design  of  veiaels. . . .  Will 
befcaadteeeiNatotlwawstaseftdtaMeieiiilferBiiJieieqMliedby  shipbaffldecs.  careltitty  collected 
Inm  Hie  best  anthotities,  and  put  tegettet  ia  a  popolar  aad  simple  loiai.  Tbe  book  is  one  of 
exceptioaal  mertt."— iff««riwair. 

"  The  professionaTshipbnildar  lias  now.  In  a  convenient  and  accessible  form,  reliable  data  for 
solving  many  of  the  numerous  problems  that  present  themselves  in  the  course  of  his  work."— /rcn. 

"There  is  no  doubt  that  a  pocket-booK  of  this  description  must  be  .\  tu  <  c^sity  in  the  ship- 
building trade.  .  .    The  volume  contains  a  mass  of  useful  information  dearly  expressed  and 
1  In  n  beady  fe™*" 


WANNAN'5  MARINE  ENGIISEER'S  GUIDE 

To  Bosid  of  Trade  BxamiiMitiottB  for  CertHlcfttes  of  Competency.  CoDtaining 

all  Latest  Questions  to  Date,  with  Simple,  Clear,  and  Correct  Solutions  ; 
3oa  Elementary  Questions  with  Illustrated  Answers,  and  Verbal  Questions 
and  Answers ;  complete  Set  of  Drawings  with  Statements  completed.  By 
A.  C.  W  ANN  AN,  C.E.,  Consulting  £ngineer,and  E.  W.  I.  Wannan,  M.I.M.E., 
Certificated  First  Class  Marine  Engineer.  With  numerous  Engravings.  Third 
Edition,  Enlarged.   500  pages.   Large  crown  8vo,  doth  .  iVk/  1 0/6 

"The  b(i,ik  is  :  If  irly  atul  plainly  written  and  avoids  unnecessary  exiil  .i  .itioiis  and  fonnuIaSf 
and  we  coiibidcr  u  a  vaiuabie  book  for  students  ol  nianne  cngiMecnnjf."- Au.**'^.^/  Magazine, 

WANNAN'S  MARINE  ENGINEER'S  POCKET-BOOiC. 

Containing  Latest  Board  of  Trade  Rules  and  Data  for  Marine  Engineers. 

By  A.  C.  Wannan.    Third  Edition,  Revised,  Enlarged,  and  Brocgbt  up  to 

Date.    Square  i8mo,  with  thumb  Index,  leather.         [Just  Fuilished.  6>0 

"There  isa  neat  deal  of  uaefiil  Intonation  in  tills  little  pocket-book.    It  is  of  the  nile  of 
tbiimb  order,  aad  n,  00  tiuK  accottnt,  well  adapted  co  tbe  uses  of  the  sea-going  engineer."— 

Ettf^neer. 

THE  SHIPBUILDING  INDUSTRY  OF  GERMANY. 

Compiled  and  Edited  by  G.  Lfhmann-Fei.SKOWSKI-  With  Coloured  Print!?, 
Art  Supplements,  and  numerous  Illustrations  throughout  the  text.  Supcr- 
rogfal4tOkCloth.  \Jwt PublUked,  NettQie 

cffgit'zed  by  Cofigle 
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SEA  TERMS.  PHRASES,  AND  WORDS 

(Technical  Dictionary  of)  used  in  the  English  and  FlMII^  LttlflnuiCM 
(English- French,  French-English).  For  the  Use  of  Seamen,  Engineers,  Pilots, 
Shipbuilders,  Shipowners,  and  Ship-brokers.  Compiled  by  W.  Pikkib,  late  of 
th<  AfrkM  ateMMhip  Comfwiny.  Fcapw  8n»,  cloth  limp  .  6/0 

**Thls  voluma  will  be  highly  appreciated  bjr  leemen,  engineers,  pOoM,  tMpiwiMta  and  dil^ 
owners.   It  will  be  found  wonaerfuUy  accural*  and  comptoce.''^SM<MMM. 

"  A  very  useful  dictionary,  which  has  lone;  beea  tranlad  bf  Pw Ck  asd  Mtf^Uk  MCfanta* 

masteni,  officers  and  uthers.  — 5Ai//t>«^  if'firid. 

ELECTRIC  5H1P-L1QHT1NQ. 

A  Handbook  on  the  Practical  Fitting  and  Running  of  Ships'  Electrical  Plant, 
for  the  Use  of  Shipowners  and  Builders,  Marine  Electricians  and  Sea-^oing 
Engineers  in  Charge.  Bv  T.  W.  Ukquhakt,  Author  of  "Electric  Light/' 
"Dynamo  Construction,'   &c.      Second  Edition,  Revised  and  Extended. 


With  numerous  Illustrations.    Crown  8vo,  cloth    .      .      •      .      .  7/6 

MARINE  ENGINEER'S  POCKET-BOOK. 

Consisting  of  useful  Tables  and  FormnkB.  By  FSAMK  PlOCTOB,  A.I.N.A. 
Third  Edition.   Royal  jamo,  leather  •  4/0 


**  W«  nemummA  It  to  our  i»sd«it    going  fiar  to  lupphr  a  long-felt  waat.*  MmmiSttmt*. 
*' A IM  Msfel  conpniloii  to  att  oMilM  eaictaMca.''*£^«Ml^ 

m 

ELEMENTARY  MARINE  ENQINEERINQ. 

A  If  nroal  for  Yooiik  Marine  Engineen  and  Apprentices.   In  the  Form  of 

Questions  and  Answers  on  Metals,  Alloys,  Strengtn  of  Materials,  Construction 
and  Management  of  Marine  Engines  and  Boilers,  Geometry,  &c  With 
an  Appendix  of  Useful  Tables.  By  J.  S.  Brkwbr.  Orown  Svo^  doch  t/6 

"Contains  much  valuable  infonuatinn  for  the  cLiss  for  whom  it  is  i  tendod* Mpoclri^ in tlM 
ebapten  on  the  uuinat;emenc  of  boilers  anU  engines."— A'aMAca/  Magannt. 

MARINE  ENGINES  AND  STEAM  VESSELS. 

A  Treatise  on.  By  Robert  Murk  ay,  C.E.  Eighth  Edition,  thoronghly 
Revised,  with  considerable  Additions  by  the  Author  and  by  Gborgb 
Caruslx,  C.E.,  Senior  Sonreyor  to  the  Boiad  of  Tnde  at  liverpooL  Crown 
Svo^docb  4/6 

PRACTICAL  NAVIGATION. 

Consisting  of  The  Sailor's  Sea-Book,  by  Jambs  Grebhwood  and  W.  H. 
ROSSER ;  together  with  the  requisite  Mathematical  and  Nautical  Tables  for 
the  Working  of  the  Problems,  by  Usnxy  Law,  C.£.t  and  Professor  J.  R. 
YouNcs.   Illustrated,  xamo,  strongly  haK'-boond  7/0 

THE  ART  AND  SCIENCE  OF  5AILMAKINQ. 

By  Samuel  B.  Sapler,  Practical  Sailmaker,  late  in  the  emplojrment  of 
Messrs.  Ratsey  and  Lapthome,  of  Cowes  and  Gospori.  With  Plates  and 
Other  Illustrations.  Small  410^  cloth  12/6 

••TUsextieniely  practical  work  gives  a  complete  education  in  aB  tta  bcsacliSS  of  the  awaa* 
factuni  Cttttfaag  out,  roping,  seaming,  and  goring.  It  is  copiously  illUilWtsd,  lad  triB  fBOB  aflnS* 
m•t«(^bookandg1J(te.WtoMflNM<«%  Timu. 

CHAIN  CABLE5  AND  CHAINS. 

Comprising  Siies  and  Curves  of  links,  Studs,  &c,  Iron  for  Cables  and  ChainSi 

Chain  Cable  and  Chain  Making,  Forming  and  Welding  Links,  Strength  of 

Cables  and  Chains,  Certificates  for  Cables,  Marking  Cables,  Prices  of  Chain 

Cables  and  Chains,  Historical  Notes,  Acts  of  Parmunent,  Statutory  Tests, 

Charges  for   Testing,    List  of   Manufacturers  of  Cables,   &c.,   &c.  By 

Thomas  W.  Traill,  F.E.R.N.,  M.Inst.C.E.,  Engineer-Surveyor-in-Chief, 

Board  of  Trade,  Inspector  of  Chain  Cable  and  Anchor  Proving  EstablisbmentSi 

and  General  Superintendent  Lloyd's  Committee  on  Proving  Establishments. 

With  numerous  Tables,  lUustratioos,  and  Lithographic  Drawings. ^Folio, 

doth,  bevelled  boards  •      .  dK  2a. 

••  ItcostjdBsajpa^aaMMMKofvalBaUelnfbnnatloo.  NolhiHr  seems  to  be  wanting  to  OHhe  It 
a  complete  and  standard  work  of  Mfawoo  on  tbo  subject. MmgoMinu 
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MINING,   METALLURGY,  AND 
COLLIERY  WORKING. 

THE  OIL  FIELDS  OF  RUSSIA  AND  THE  RUSSIAN 

PETROLEUM  INDUSTRY. 

A  Practical  Handbook  on  the  Kxploration,  Exploitation,  and  Management 
of  Russian  Oil  Properties,  including  Notes  on  the  Origin  of  Petroleum  in 
Russia,  a  Description  of  the  Theory  and  Practice  of  l.ifjuid  Fuel,  and  a 
Translation  of  the  Rules  and  Rcj^uUiiions  concerning  Russian  Oil  Properties. 
By  A.  Beeby  Thompson,  A.M.I.M.E.,  late  Chief  Engineer  and  Manager  of 
.  the  European  Petroleum  Company's  Russian  Oil  Properties.  About  500  pp. 
With  numerous  Illustrations  and  Photographic  Plates,  and  a  Maj)  of  the 
Balakbany-Saboontchy-Romany  CHI  ¥w\d.   Super  roynl  8vo,  cloth. 

[/usi  Publisfud.    Net  £3  3s. 

MACHINERY  FOR  METALLIFEROUS  MINES. 

A  Practical  Treatise  for  Mining  Engineers,  Metallurgists,  and  Managers  of 
Mines.  By  E.  Hbnky  Davies,  M.E.,  F.G.S.  600  pp.  With  Folding  Plates 
and  other  Illttstratioos.  Medium  8vo,  cloth      ....  i)V/25/0 

"  Deals  exhaustively  with  the  many  and  complex  details  which  t^o  to  make  up  the  sum  tot  al  of 
machinery  and  other  retjuiremcnts  for  the  successful  workiii>f  of  luetalliferous  mines,  and  as.  a  book 
of  ready  reference  is  of  the  h^hest  value  to  mine  in.ma^'crs  and  directots." — Mining' yourtmL 

THE  DEEP  LEVEL  MINES  OP  THE  RAND, 

And  their  Future  Development,  considered  from  the  Commercial  Point  of  View. 
By  G.  A.  Denny  (of  Johannesburg),  M.N.E. I.M.E.,  Consulting  Engineer  to 
the  General  Mining  and  Finance  Coiporation,  Ltd.,  of  London.  Berlin,  Paris, 
and  Johannesburg.    Fully  Illustrated  with  DiagnuDU  and  Folding  Plates. 

Royal  8vo,  buckiam  Net  26/0 

*'  Mr.  Ocnny  by  oonfining  himself  to  the  consideration  of  the  future  of  the  deep-level  mines 
of  the  Kand  breaks  new  ground,  and  by  dealing  with  tbe  subject  rather  firom  a  coramefdal  stand* 
point  than  fitMn  a  scientUic  one,  appeals  to  a  widedrcle  of  leaoais.  The  book  cannot  lUl  to  pcove 
of  very  great  value  to  investors  in  South  African  mines."— Aflw^iy  y»umai, 

PROSPECTINQ  FOR  GOLD. 

A  Handbook  of  Information  and  Hints  for  Prospectors  based  on  Personal 
Experience.  By  Daniel  J.  Rankin,  F.R.S.G.S.,  M.K.A.S.,  formerly 
Manager  of  the  Central  African  Company,  anri  Leader  of  African  Gold  Pros- 
pecting Expeditions.   With  Illustrations  specially  Drawn  and  Engraved  for 

the  Work     F'cap.  8vo,  leather  Net  7/6 

"This  well-compiled  book  contams  a  collection  of  the  richest  gems  of  useful  knowledge  for 

the  prospector's  benefit.  A  special  table  is  given  to  accelerate  the  spotting  at « jj^ance  of  minerals 

■wodated  with  gold."— JftMttir  T^***^* 

THE  MBTALLUROY  OP  QOLD. 

A  Practical  Treatise  on  the  Metallurgical  Tpeatment  ot  Gold-bearing  Ores. 

Including  the  Assaying,  Melting,  and  Refining  of  Gold.    By  M.  Eissler, 

M.  Inst.  M.M.    Fifth  Edition,  i£nlarged.   With  over  300  Illustrations  and 

numerous  Folding  Plates.  Medium  8vo,  cloth  .... 

**  TWt  btrffk  thonnighiT'  flinotmn  Iti  titlinif  »  *Pf>rtlrsl  Tniitifii '  The  whole  pvocess  of  gold 
odnhig,  from  the  bieaUng  or  Hie  quarts  to  tiie  assay  of  tiie  bultton.  Is  described  In  dear  and  otOM^ 

narrative  and  with  much,  out  not  too  much,  fiilness  of  ActM."— Saturday  Review. 

THE  CYANIDE  PROCESS  OF  QOLO  EXTRACTION. 

And  its  Practical  Application  on  the  Witwatersrand  Gold  Fields  and  elsewhere. 
By  M.  Eis&LER,  M.  lust.  M.M.  With  Diagrams  and  Working  Drawings. 
TbadEdidon,  Revised  and  Enhoged.  Svo^cloth    ....  Ntt7m 

"This  book  is  lust  what  was  needed  to  acquaint  mining  men  with  the  actual woridagofa 
process  which  is  not  only  the  n:ost  popular,  but  is,  as  a  genial  rule,  the  most  successful  for  the 
extraction  of  gold  from  tailings."— Afiwm^  yeut-nal. 

DIAMOND  DRILLING  FOR  GOLD  &  OTHER  MINERALS. 

A  Practical  Handbook  on  the  Use  of  Modern  Diamond  Core  Drills  in  Pro- 
specting and  Exploiting  Mineral-Bearing  Properties,  including  Particulars  of 
the  Costs  of  Apparatus  and  Working.  By  G.  A.  Denny,  M.N.B.Illst.  M.E., 
M.  Inst.  M.M.    Medium  8vo,  z68  pp.,  with  Illustrative  Diagrams     .  12/6 

"  There  is  certainly  scope  for  a  work  on  diamond  drilling,  and  Mr.  Denny  desarras  grateful 
reoognlrion  foe  wppiarlwg  a  oedded  iiaMt.*»«'J<»w<>y  ywwiw. 
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GOLD  ASSAYING. 

A  Practical  Handbook  for  Assayers,  Hankers,  Chemists,  Bullion  Smelters, 
Goldsmiths,  Mining  and  Metallurgical  Engineers,  Prospectors,  Students,  and 
others.  By  If.  jo^iiUA  Phiujis,  F.I.C,  F.C.S.,  AXCE.*  Author  of 
"  Lngineeriog  Chemistry/'  etc.    targe  Crown  8vo,  cloth. 

[Jvst  ready,  prUtt  mk&mt  7/6 

FlfcLD  TESTINU  FOR  GOLD  AND  SILVER. 

A  Practical  Manual  for  Prospf?ctor»  and  MfaMivs.   By  W.  H.  MnsiTT, 

M .  N.  E.  Inst.  M .  E . ,  A .  R  S  M  ,  ^<tc.  With  Photographic  Plates  and  other 
Illustrations.     Fcap.  8vo,  leather      ......      Ifgt  SIO 

**As  an  Instnicior  of  prospectors*  classes  Mr.  Merritt  has  tbe  adfvatigt»  of  kaowine 

exactly  the  information  likely  to  be  most  valuable  to  the  miner  in  the  fiel±  The  contents  cover 
.ill  the  details  t>t sampling;  m<\  testing  golU  and  silver  ores.   A  useful  addttion  to  a  p>r<»pector's 

k  i*  '  -  -  ."'finifi^'  y<  ii  r!t.-i : 

THE  PROSPECTOR'S  HANDBOOK. 

A  Guide  for  the  Prospector  and  Traveller  in  search  of  Metal-Bearing  or  other 
Valuable  Minerals,    By  J.  W.  Andekson,  M.A.  (Camb.X  F.R.G.S.  Ninth 
Edition.  Small  crown  Svo,  8/6  doth ;  oti  leather     ....  4/6 
*  Will  supply  a  much^rit  want.  especiaUjr  8111007  Colonists,  In  whose  tny  aie  to  oftaa  Hurowa 
nuu\y  mtneralogical  spechnens  the  value  of  which  it  is  difficult  to  deterarfne."— f  f^fiftiaer. 

'*  How  to  Imd  commercial  iiiineraLs,  and  huw  to  identify  them  when  they  are  founil,  are  the 
leading  pomts  to  which  attentuiu  U  directed.  The  author  has  managed  to  pacx  as  much  practical 
detail  MO  Us  pages  as  would  supply  material  for  «  book  thtee  tlawslia  iiaa.'*— JHwimy  ytttntmL 

THE  METALLURGY  OP  SILVER. 

A  Practical  Treatise  on  the  Amalgamation,  ^Roasting,  and  Lbuviation  of  Silver 
Ores.  Inclu4ing  the  Assaying,  Melting,  and  Kefimng  of  Silv«  BoHioo*  By 
M.  EissLBKi  M.  Inst.  M.M.  Third  Bditioa.   Crown  8vo,  cloth      .  10/6 

•'  A  practical  treatise,  and  a  technical  work  which  we  are  convin  r  1  v.n!  s  :]  ]  ly  .1  !< n^,'  fi  it 
want  amongst  practical  men,  and  at  the  same  time  be  of  value  to  &tuUcnls  aud  others  mdireciiy 
connected  with  the  industries.  "-^<>f^:i«r  y^unutl. 

THE  HYDRO-METALLURQY  OP  COPPER. 

Being  an  Accoimt  of  Processes  .\dopted  in  the  Hj'dro-Metallurglcal  Treat- 
ment of  Cupriferous  Ores,  Including  the  Manufacture  of  Copper  Vitriol,  with 
Chapters  on  the  Sources  of  Supply  of  Copper  and  the  Roasting  of  Copper  Ores. 
By  M.  Eissi.KR,  M.  Inst.  M.M.   8vo,  cloth      ....      Nfi  12/9 

"  In  this  volume  the  various  processes  for  the  extraction  of  copper  by  wet  methods  are  fully 
det.tiled.  Cr>sts  are  civen  when  available,  and  a  s;rcat  dcil  of  useful  informati  in  about  the  copi>er 
industry  of  th^  world-s  presented  in  nn  interesting  an<l  attractive  manner." — Slinin^  yonmal, 

THE  METALLURGY  OF  ARGENTIFEROUS  LEAD. 

A  Practical  Treatise  on  the  Smelting  of  Silver 'Lead  Ores  and  the  Refining  of 
Lead  Bullion.  Including  Reports  on  various  Smeltinfr  Sstafaliduneitl*  and 
Descriptions  of  Mj  ilcrn  Smelting  Furnaces  and  Plants  in  Europe  and Anwriciu 
By  M.  EissLER,  M.  Inst.  M.M.,  Author  of  "The  Metallurgy  of  Gotd,"  ftc 
Crown  Bvo,  400  pp.,  with  183  lUnstrations,  cloth  1fi/6 

"  The  numerous  metallurj^ical  juocesses,  which  are  fully  and  extt  r'sively  treated  of,  emVirace 
all  the  stages  expetieoced  m  the  passage  of  the  lead  from  the  various  oatunU  states  to  Its  issue  froaa 
the  lafiaaiy  as  an  ai^de  Of  counieffce.  —i/'irHMabs/ £«vAMKr^ 

MBTALLIPER0U5  MINERALS  AND  MINING. 

By  D.  C.  Davies,  F.G.S.  Si.xth  Edition,  thoroughly  Revised  and  much 
Enlarged  by  his  Son,  £.  Hsnry  Davies,  M.E.,  F.G.S.  600  pp.,  with  173 
Illustrations.   Large  crown  8vo,  doth  N<f  tS/6 

"  Neither  the  prncticri!  miner  nor  the  genera!  rr  i  h  r.  intaTCMed  ia  ainM»Caa  hava  a  bettOS 

bciok  ff"'?  hts  coitiprtuion  ami  his  ^uide." — Mitiinf^  y  i<  >  '  fi.' 

EARTHY  AND  OTHER  MINERALS  AND  MINING. 

By  D.  C.  Davies,  F.G.S.,  Author  of  "  Metalliferous  Minerals,"  &u  Third 
Kdition,  Revised  and  Enlarged  by  his  Son,  E.  Hnnnr  DAVlBSt  M.S.|  F.G.S. 

With  iibout  TOO  Illustrations.    Crown  8 vo,  cloth  12/6 

"  We  do  not  remember  to  have  met  with  any  English  work  ofi  muim^  matters  that  cuutauis 
the  laaie  amooni  of  InfiMRnatiaa  packed  la  eqoaUjr  oeaveaient  fena."— ^eaiimv. 

BRITISH  MINING. 

A  Treatise  on  the  History,  Discovery,  Practical  Development,  and  Ftitiuc 
Prospects  of  Metalliferotis  Mines  in  the  United  Kingdom.  By  Robxrt 
Hunt,  F.R.S.,  late  Keeper  of  Mining  Records.  Upuramis  of  os*  pp^  w^ 
ago  lUuatiations.  Saoood  Edition,  Revised.  Snper-royal  >vOy  ekA  pjgjj^^J^)^  [ 
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POCKET-BOOK  FOR  MINER5  AND  MBTALLUROI5T5. 

Comprising  Rules,  Formulae,  Tables,  and  Notes  for  Use  in  Field  and  Office 
Work.   By  F.  Damvbm  Powbb,  F.G.S.t  M.B.    Saeood  Bdidoo,  Corrected. 

Fcap.  8vo.  leather  9/0 

**Ttils  exceilaat  book  b  an  admlnible  example  of  its  kind,  and  oufht  to  find  a  laige  sale 


THE  MINER'S  HANDBOOK. 

A  Handy  Book  of  Reference  on  the  subjects  of  Mineral  Deposits,  Mining 
Operations,  Ore  Dressing,  &c.  For  the  Use  of  Students  and  others  interested 
in  Mining  Matters.  Compiled  fay  John  Milnb,  P.R.S.,  PrdesMr  of  Mining 
in  the  Imperial  University  of  JapML  Third  Edition.  Fcap.  8vo,  leather  7/6 

**  Pfofettor  MibM's  baadbook  is  nue  to  be  feodved  with  Cavoitr  by  all  connected  wHb 
■nd  wa  be  eaueiiiely  popular  among  stndemi.'*— ^fltewnww. 


IRON  0RE5  of  GREAT  BRITAIN  and  IRELAND. 

Their  Mode  <»f  Occurrence,  Age  and  Origin,  and  the  Methods  of  Setfching  for 

and  Working  Them.  With  a  Notice  of  some  of  the  Iron  Ores  of  Spain.  By 
J.  D.  Kendall,  F.G.S.,  Mining  Engineer.   Crown  8vo,  cloth  •      •  16/0 

MINE  DRAINAGE. 

A  Complete  Practical  Treatise  on  Direct-Acting  Underground  Steam 
Ptunping  Madiimiy.  By  STsniBN  Michbli..  Second  Edition,  Re-writtao 
and  Salarged.  Widi  aso  lUuitivtioiis.  Royal  8vo,  doth  iVr/26/0 

HORIZONTAL  PUMPING  ENGINES.— ROTARY  AND  NON  ROTARY  HORIZONTAl. 
EMfiWHS.— SIMPLE  AND  COMPOUND  STEAM  PUMPS.— VERTICAL  PUMPING  ENGINES.— 
ROTARY  AND  NON-ROTARY  VERTICAL  ENGINES.— SiMI'LE  AN:)  CoMPOVNU  STHAM 
PUMPS.  —  TRIPLB-EXPANSION  STEAM  PUMPS.  —  PULSATING  b  l  KAM  PU  MPS.  —  PUMP 
VALVBS.— SINKING  PUMPS.  &C..  &C. 

"This  irolume  contains  an  fanmense  amount  of  important  and  interesting  new  matter. 
The  book  should  undonbtedly  prove  of  gieat  me  to  all  who  wish  for  iafbcmatiofi  on  tiie  Mb* 
ject."— 77i^  liftji^iiitfr. 

ELECTRICITY  AS  APPLIED  TO  MINING. 

By  Arnold  LurroN.  M.lnst.C.£.,  M.I.M.E.,  M.I.E.E.,  late  Professor  of 
Coal  Mining  at  the  Yorkshire  College,  Victoria  University,  Mining  Eng;ineer 
and  Colliery  Man.iger ;  G.  D.  Aspinall  Parr,  M.I.E.K.,  A.M.I.>r.K., 
Associate  ot  the  Central  Technical  College,  City  and  Guilds  of  London,  Head 
of  the  Electrical  Engineering  Department,  Yorkshire  College,  Victoria 
University;  and  Herbert  Perkin,  M.I. M.E.,  Certified  Colliery  M.inager, 
Assistant  Lecturer  in  the  Mining  Department  of  the  Yorkshire  College, 
Victoria  University.  With  about  170  Illtutrations.  Medium  8vo,  doth. 

N$i  9/0 

(I-or  SUMMARY  OF  CONTENTS,  see  pa^e  23.) 

THE  COLLIERY  MANAQER'5  HANDBOOK. 

A  Comprehensive  Treatise  on  the  Laying-out  and  Working  of  Collieries. 
Design^  as  a  Book  of  Reference  for  Colliery  Managers,  and  for  uie  Use  of  Coal 
Mining  Students  preparing  for  First-class  Certificates.  By  Caleb  Pamely, 
Mining  £ngineer  and  Surveyor ;  Member  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers ;  and  Member  of  the  South  Wales  Institute 
of  Mining  Engineers.  With  700  Plans,  Diagrams,  and  other  Illustrations. 
Fourth  Edition,  Revised  and  Enlarged.  964  pp.  Medium  8vo,  cloth   £1  5>. 

GEOLOGY.— Sf.AKCH  for  COAL.  — MINERAL  LEASES  AND  OTHER  HOLDINGS.— 
.SHAFT  .SINKING.— FnTI.NG  UP  THF.  SHAFT  AND  SURFACE  ARRANGEMENTS.— STEAM 
BOILHRS   AND  THEIR   FiTTINllS.— TiMBKRI.NG  AND  VVaLLING.— NARROW     WORK  AND 

METHODS  OP  Working.  —  Underground  Convbyamcb. —Drainage.— the  Gases 

MET  WITH  IN  MINES;  VENTILATION.  —  ON  THE  FRICTION  OP  AlR  IN  MINES.  —  THE 
PRIBSTIAAN    OIL    ENGINB;    PBTROLBUM    AND    NATURAL    GAS.  —  SURVBYING  AND 

PLANNiNa— Safety  lamps  and  firxdaup  Dbtbctors.— Sundry  and  incidbntal 

OPBRATIONS  AND  APPUANCES.<-C0LUBRY  EXPLOSIONS.— MISCRLLANBOUS  QUBSTIONS 
AND  ANSWERS.- >f^^*fidl£)r  .•  SUMMARY  OP  REPORT  OP   H.M.    COMMISSIONBRS  ON 

ACCIDENTS  IN  Mines. 

"Mr.  Paiiiely  s  work  is  eminently  suited  to  the  purpose  or  which  it  is  intended,  belngf  dear, 
Interesting,  exhaustive,  rich  in  detail,  and  up  to  date,  giving:  descriptions  of  the  latest  machines  in 
•rery  department.  A  mining  cn^neer  could  scarcely  go  wrong  who  followed  this  work." — CoUitry 
Guardian. 

"  Mr.  Pamely  has  not  only  given  us  a  comprehensive  reference  book  of  a  very  high  order 
>  to  the  requirements  of  mmin^  engineers  and  colliery  managers,  but  has  aUo  provided 
.    Students  with  a  class-book  that  is  as  interesting  as  it  is  instructive." — Collitry  Managtr. 
P*Tib  Is  the  most  comptete  'all-round   work  on  coal-mining  pubUsbed  In  the  English 
mfueib ...  No  Hbmy  of  cneUminhig  books  Is  oompltt«  wtthout  If'-CMMMy  SM^m^  ^ 
 1  PIh  UAAJb  Digitized  by  Go . 


CROSBY  LOCKWOOD      SON'S  CATALOGVB, 


COLLIERY  WORKING  AND  MANAOEMBNT. 

Comprbing  the  Duties  of  a  Colliery  Manager,  the  Oversight  and  Arrange- 
niMlt  of  labour  and  Wages,  and  the  difl^rent  Systems  of  Woildiig  Coal 
Seams.  By  H.  F.  Bulmak  and  R.  A.  S.  Rbdmaynb.  350  pp.,  with 
a8  Plates  and  other  Illostrations,  including  Undergrocmd  Photog^phs. 
Medium  8vo,  cloth.  1  5/0 


"  This  it.  indeed.  «a  artmlrnhte  Handbook  toe  ColBwy  Mnwgeri,  in  fact  It  it  «a 
a^fttoet  to  a  CoOiefjr  MuugM%  •ducatioii,  m  wdt  as  behf  a  most  nsefiil  and  int 


on  the  lubject  for  all  who  in  any  way  have  to  do  with  coal  miung.  The  underproond 
are  an  attractive  feature  of  the  worlc,  he'mg  very  lifielike  and  necessarily  true  repr 
scenes  they  depict." — Colliery  G.tardian. 

"  Mr.  Bulman  and  Mr.  Redmayne,  who  are  both  experienced  CoUiery  Managers  of  glMt 

literary  ability,  are  to  ho  congratulated  on  having  supplied  an  authoritntive  -vork  dealing  with  aade 
of  the  subject  of  coal  mining  which  has  hitherto  received  but  scant  treatment.  The  authors 
aincidate  their  text  by  iiq  woodcuts  and  28  ))latcs,  most  of  the  l.itter  being  admirable  reproductions 
^photographs  taken  underground  with  the  aid  of  the  magnesium  flash-light.  These  Illustration* 


COAL  AND  COAL  MININQ. 

By  the  late  Sir  Waringtok  W.  Smyth,  M.A.,  F.R.S.,  Chief  Inspector  of  the 
Mine.s  of  the  Crown  and  of  the  Duchy  of  Cornwall.  Eighth  Edition,  Revised 
and  Extended  by  T.  Fokstsr  Brown,  MiniDgaod  Civil  Engineer,  Chi«f 
Inspector  of  tiie  Mines  of  the  Oown  and  of  the  onchy  of  CorawalL  Crown 
8vo,  cloth.  3/6 
"  As  an  outline  d  given  of  eyeigjimown  coal-field  in  tliis  and  other  ooontrie^  as  well  as  of  Um 


principal  methods  of  WOfkfDiTt  Ibe  book  Will  donbtleM  tatMMt  a  w 

Alining  yournal. 

N0TB5  AND  FORMUL/C  FOR  MINING  STUDENTS. 

By  ToHN  Herman  Merivalb,  M.A.,  Late  Professor  of  Mining  in  the  Dnrham 
College  of  Science,  Newcastle<>upon>Tyne.     Fourth  Edition,  Revised  and 
B^ai^ed.  By  H.  F.  Bulman,  A.M.Inst.C.B.  Smali  crown  8vo,  doth.  2/6 
**1lM  aotbor  hat  done  Us  woik  In  a  cveditalile  manner,  and  has  produced  a  book  thaK  tnD 
be  of  service  to  tttudanis  and  tliooo  who  aie  ptaetleally  engaged  in  mtoin^ 


INFLAMMABLE  OAS  AND  VAPOUR  IN  THE  AIR 

(The  Detection  and  Measurement  of).    By  Frank  ClowbS,  D.Sc,  Lond., 

F.I.C.    With  a  Chapter  on  The  Detection  and  MsAStJRBMBNT  of  Petro« 
LKUM  Vapour  by  Boverton  Redwood,  F.R.S.E.,  Consulting  Adviser  to  the 
Corporation  of  Ix>ndon  under  the  Petroleum  Acts.  Crown  8vo,  cloth.  N<t6/Q 
"  Proressor  Clowes  has  given  us  a  volume  on  a  subject  of  much  industrial  importance  .   .  . 
Those  interested  in  these  matters  may  be  recommended  to  study  Ulb  book,  which  6  « 
'  I  and  contains  many  good  things."— 7%«  BMgi$$€tr, 


COAL  ft  IRON  INDUSTRIES  of  the  UNITED  KINGDOM. 

Comprising  a  Description  of  the  Con]  Fields,  and  of  the  Principal  Seams  of 

Coal,  with  Returns  of  their  Produce  and  its  Distribution,  and  Anal^^s  of 
Special  Varieties.  Also,  an  Account  of  the  Occurrence  of  Iron  Ores  in  Veins  or 
Seams ;  Analyses  of  each  Variety ;  and  a  History  of  the  Rise  and  Progress  of 
Pig  Iron  Manufacture.    By  Richard  Meade.    8vo,  cloth    .  £1  8a. 

"  Of  this  book  we  may  unreservedly  say  that  it  is  the  best  of  its  class  which  we  have  erer 

met.  ...  A  book  of  rcf'jrt-ncn  which  no  one  engaged  in  thiB  imo  OT  oool  tiadss  stftoold  oaait  teei 

his  library.  ' — Iron  ana  Coal  Traiiis  Review. 

A5BE5T05  AND  A5BB5TIC. 

Their  Properties,  Occurrence,  and  Use.    By  Robert  H.  Jones,  F.S.A., 

Mineralogist,    Hon.  Mem.  Asbestos  Club,   Black  Lake,  Canada.  With 

Ten  Collotype  Plates  and  other  lUnstratioos.  Demy  8vo,  doth.      .  18/0 
"  An  inteiesting  and  invaluable  woric"— CMMcyy  GuanUan* 


QRANITE5  AND  OUR  GRANITE  INDUSTRIES. 

By  George  F.  Harris,  F.G.S.  With  Illustrations.  Crown  8vo,  cloth  2/6 

TRAVERSE  TABLES. 

For  use  in  Mine  Surveying.    By  WfLLIAM  LlMTSBK,  CB.  With  two  plates. 

" 8/Q,  , 
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Small  crown  8vo,  doth  •  Ifgi  8/0 
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ELECTRICITY,  ELECTRICAL 
BNGINEERING,  ETC. 

THB  BLBMENTS  OP  ELECTRICAL  ENQINEERINQ. 

A  First  Year's  Course  for  Students.  By  Tyson  Sbwbll,  A.I.E.E.,  Assistant 
Lecturer  and  Demonstrator  in  Electrical  Engineering  at  the  Polytechnic, 
Regent  Street,  London.  Second  Edition,  Revised,  with  Additional  Chapters 
on  Alternating  Current  Working,  an<l  Appendix  of  Questions  and  Answers. 
450  pages,  with  274  Illustrations.  Demy  8 vo,  cloth.  \Jtist  Published.  Net  7IQ 

Oii.M  S  I.AW.— Units  Employed  in  Electrical  Engineering. -  Series  ani> 
PARAi.i.r.i.  CiKci  iTS  ;  Current  Density  anu  Potential  Drop  in  the  CiRCi  rr.— 

THE  HEATING  HFI-ECr  OF  THE  El.EClRlC  Cl  RRKNT.— THE  MaGNI:TIC  EFKECT  OF  AN 

Elrctric  Current.— The  Magnetisation oi-  ikon.— hlect  k*  .  (  uf misi  ry  ;  Primary 
BAiTERiES.—AccuMri.AioRs.— Indicating  Insi  ri'-men is ;  amme  1  ers,  volt-meiers, 
OH.MMi'.i  i:KS.-  HLi:crRici  iY  SUPPLY  METERS.— Measukinc;  Instruments,  and  thB 
Measure.ment  of  Elecirical  Resistance.  —  Measukhmhnt  of  Potential  Dif- 
ference, Capachy.  Current  Si  RhN(;rH,  and  Permi:ai;ili  1  y.— arc  Lamps.— incan- 
descent  Lamps;  Manufaciure  and  Installation;  Photometry.  —  The  Con- 
tinuous Current  Dynamo.— Direct  current  Motors.— alternating  currents. 
—Transformers,  Alternators,  synchronous  motors.— folyphase  Working.— 
Appendix  op  questions  and  answers. 

"  An  excellent  tre.ttise  for  studoits  of  the  elementary  fiKts  connected  with  electrical 

en^neering." —  7 /tf  li.'ectn'ciaft. 

"One  of  the  best  books  for  those  commencinj^  the  study  of  electrical  on>;inccnngf.  Every- 
thinsf  is  explained  in  simple  lankjtia>;«  w  hich  even  a  l>e>;inner  cmnot  fail  to  understand." — Hnginttr. 

"  One  welcomes  this  book,  which  is  S(Hind  in  its  treatment,  and  admirably  calculated  tO  give 

students  the  knowledge  antl  infoniiaticn  they  most  require." — Xature, 

CONDUCTORS  FOR  ELECTRICAL  DISTRIBUTION. 

Their  Materials  and  Manufacture,  The  Calculation  of  Circuits,  Pole-Line 
Construction,  Underground  Working,  and  other  Uses.   By  F.  A.C.  Pkrrine, 

A.  M.,  D.Sc.  ;  formerly  Professor  of  Electrical  Engineering,  Iceland  Stanford, 
Jr.,  University  ;  M.Am.  r. I.E. E.    8vo,  cloth.    {Just  Published.    A'cl  20l~ 

Conductor  Materials— alloyed  Coxducioks— Manufacture  of  Wire— 
Wire-I-inishing— Wire  Insulation— Cahles— Calculation  of  Circuh s— Kri.vins 
Law  of  econo.\iy  in  Conductors— Multiple  Arc  Distribution— alternating 
curreni  Calculation— ovbrhbad  LINES— POLE  Line— LiNB  Insulators— Under. 

ground  Conductors. 

WIRELESS  TELEGRAPHY; 

Its  Origins,  Development,  Inventions,  and  Apparatu.';.  By  Charles  Henry 
Skwall.    With  85  Diagrams  and  Illustrations.    Demy  8vo,  cloth. 

Uutt  Fu^lished,  Nei  10/6 

ARMATURE  WINDINGS  OP  DIRECT  CURRENT 

DYNAMOS. 

Extension  and  Application  of  a  General  Winding  Rule.  ^  By  E.  Arnold, 
Engineer.  Assistant  Professor  in  Elect rotechnics  and  Machine  Design  at  the 
Riga  Polytechnic  School.    Translated  from  the  Original  German  by  FranCIS 

B.  Db  Gress,  M.E  ,  Chief  of  Testing  Department,  Crocker* Wheeler  Com- 
pany. With  146  Illustrations.  Medium  Bvo,  cloth      .      .      •   iVSr/  12/- 

ELECTRICITY  AS  APPLIED  TO  MINING. 

By  Arnold  Lupton,  M.Inst  C.E.,  M.I.M.E.,  M.I.E.E.,  late  Professor  of 

Coal  Mining  at  tht  Yoikshire  College,  Victoria  University,  Mining  Engineer 

and  Colliery  Manaqer ;  G.  D.  Aspinall  Parr,   M.I. K.E.,  A  M.I.M.E., 

Associate  of  the  Central  Technical  College,  City  ai  d  Guilds  of  London,  Head 

of  the  Electrical  Engineering  Department,  Yorkshire  College,  Victoria 

University;  and  Herbert  Perkin,  M  I.M  E.  CertificaiedCtUiery  Manager, 

Assistant  Lectuier  in  the  Mining  Department  of  the  Yorkshire  College, 

^nctgriaUnivcnity.  With abcntxTo  Illustrations.  Medium  Bvo,  cloth.  iW/Q/- 

XimtoDucn»y.  —  Dvnamic  BLBcnucmr.  —  Driving  op  the  dynamo.  —  The 
STEAM  Turbine.— DiSTEtBimoN  OP  electrical  energy—parting  and  stopping 
electrical  Generators  and  motors.— electric  cables.— Central  electrical 

plants.— ELECTRICrrV  APPLIED  TO  PUMPING  AND  H A VLIKG.— ELECTRICITY  APPLIED 

TO  CoAL-CuTTiNC— Typical  Electric  plants  Recently  Erected.  —  ELECTRIC 
Lighting  by  Arc  and  Glow  Lamps— Miscellaneous  Applications  op  ELECTRiCtTY 

— EI.KCIRICITY    AS  Compared  with   other  modes  of  TRAMSMrrriNG  POWER,— 

Dangers  of  Electricity. 
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DYNAMO,   MOTOR  AND  SWITCHBOARD  CIRCUITS 

FOR  ELECTRICAL  BNaiNBRRS. 

A  Prnrfica!  Handbook  rienlintr  witli  D'rect,  Alternating;  anr!  Polyphase 
Currents,  liy  William  R.  Howkkr,  C.K..  M.E.,  E.E.,  Lecturer  on  Physics 
and  Electrical  Engineering  at  the  Municipal  Technical  School,  Bury.  8vo, 
doth.  l/itsi  remdjft  frke  mbimt  6/0  'v^* 

DYNAMO  ELECTRIC  MACHINERY:   its  CONSTRUC- 
TION. OB5ION,  and  OPERATION. 

By  RAMfF.i,  SuKi.nov,  A  M.,  Ph.D  .  Professor  of  Physics  and  Electrical 
Engineering  at  the  Polytechnic  Institute  of  Brooklyn,  assisted  by  Hobart 
Mason,  B  S. 

Jn  two  volumts,  sold  separately,  as  folloxvs  : — 
Vol.  L>->DIRECT  CURRENT  MACHINES.   Third  Edition,  Revised.  Large 
crown  8vo.  98» pages,  iHth  aoo  IllustFati>ns  IM  12/0 

VoL  IL— ALTERNATING  CURRENT  MACHINES.  Laige  oown  8vo.  260 

pages,  with  184  Illu<itrations  Net  1  2/0 

Designed  as  Text  books  for  use  in  Technical  Educatioaal  Institutions,  and  by  Engineers 
whose  work  includes  the  handlint;  of  Direct  aad  Altefnattng  Cumnt  Machinw  te^xcttyqr,  and 
for  Students  proficient  in  mathematics. 

ELECTRICAL  AND  MAGNETIC  CALCULATIONS. 

For  the  Use  of  E'ectrical  Enstineers  and  .Artisans.  Teachers.  Students,  and  all 
others  interested  in  the  Theory  and  Application  of  Electricity  and  Magnetism. 
Bv  A.  A.  Atkinson,  Professor  of  Electricity  in  Ohio  University.  Crown  8vo. 
cloth  Net  9/0 

"To  teachers  and  those  who  akeady  possess  a  fair  Icnowledge  of  their  subject  we  can  recom* 
me^nd  tilt-  )H>,,k  IS  l>»^ini;  useful  to  consult  when  requirini:  data  or  fonnulc  which  it  is  ndttwr  con- 
venient nur  recciiary  to  retain  by  memory."— 7 Electrician. 

SUBMARINE  TELEGRAPHS. 

Their  History,  Construction,  and  Working.  Founded  in  part  on  WOnschbii* 
dorff's  "  Traits  de  T^legraphie  Sous-Marine,"  and  Compiled  from  .Authorita* 
tive  and  Exclusive  Sources.  ByCHARLBS  Bright,  F.R.S.E.,  A.M.Inst.C.B., 
M.I.E.K.    780  pp.,  fully  Ilraatrated,  including  Maps  and  Folding  Plates. 

Royal  8vo,  cloth  Ntt  £3  3s. 

' '  There  are  few,  if  any.  persons  more  fitted  to  write  a  treatise  on  submarine  telQgntphjr  than 
Mr.  Charies  Bright.  He  has  done  his  work  admirably,  and  has  written  in  a  way  wnkh  wiB 
appeel  as  much  to  the  layman  as  to  the  engineer.    This  admirable  volume  must,  fw  1 


.  hold  tlie  poddoo  of  the  EagUsh  dawe  oa  auboMuine  telegraphy,  "-^ntfiwor. 
**Thls  book  is  fuU  of  Infonnation.  It  makes  a  book  of  leference  which  should  be  in  every 

engineer's  library. " — Xatu  re. 

**Mr.  Briffht's  interestingly  written  and  admirably  Olustnted  book  will  meet  with  a  wekome 
leO^Nion  from  cable  men." — BUctriciaH. 

"  The  author  deals  with  his  subject  from  all  f>oints  of  view— >politk:ai  and  strate(;ical  as  well  as 
scientific.  The  vroric  will  be  of  interest,  not  only  to  men  of  adaace^  but  to the gaoasalpabllc.  We 
can  strongly  recommend  it."— A tJunaum. 

THE  ELECTRICAL  BNOINBBR'S  POCKBT-BOOK. 

Consisting  of  Modem  Rules,  Formulae,  Tables,  and  Data.  By  H.  R.  Kkmpk, 
M.I.E.K.,  A.M.InstX.E.,  Technical  Officer  Postal  Telegraphs,  Author  0/ 
"A  Handbook  of  Electrical  Tesdng***  &c  Second  Edition,  thoroughly 
Revised,  with  Additioiis.  With  munerous  Iliosmtioiu.  Royal  aemo,  oblong, 

leather  5/0 

"  It  is  the  best  book  of  Its  ldn±"—Elecfrital  £$i£i$uer. 

"  The  Electrical  Engfaieaf^  Poeket  Book  Is  a  good  oa».''-~Biu!l§Mmm. 

**  Strongly  recommended  to  thoae  engaged  In  the  electilcal  kidnatriaa."— JVteMca/  JUttm, 

POWER  TRANSMITTED  BY  ELECTRICITY. 

And  applied  by  the  Electric  Motor,  including  Electric  Railway  Construction.  • 
By  P.  Atkinson.  A.M..  Ph.D.    Third  Edition,  Fully  Revised,  and  New 
Matter  added.  With  94  lUustxatioos.  Ciown  8vo,  doch    •     .  M  9/0 

DYNAMIC  ELECTRICITY  AND  MAGNETISM. 

Bv  Philip  Atkinson,  A.M.,  Ph.D..  Author  of  "  Elemenu  of  Static 
Wectricicy,"  ftc  Crown  Svo^  4*7  PP^i  wiA  >aQ  lUttttrations,  cloth    .  10/6 
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THE  MANAOBMBNT  OP  DYNAMOS. 

A  Handy  book  of  Theory  and  Practice  for  the  Use  of  M^hanics,  Engineers, 
Students,  and  others  in  Charge  of  Dynamos.    By  G.  W.  Lummis-Patbrsom. 

Third  FIdition,  Revised.    Crown  8vo,  cloth  4/6 

"  An  example  which  deserves  to  be  taken  as  a  modd  by  other  authors.  The  subject  Is  treated 
\n  a  manner  whicn  any  intelligent  man  who  is  fit  to  be  eotrusted  with  cbarg^e  of  an  eogine  should 
te  at  letoundentantL  Itto  a  meftJ  booli  to  attwhowkw.  fd,  or  eoiptoy  dwcOic  wachinary." 

— rchiUct. 

THE  STANDARD  ELECTRICAL  DICTIONARY. 

A  Popnlw  Encyclopaedia  of  Words  and  Terms  Used  in  the  Practice  ofBlectrlea! 

Engineering;.  Containing  upwards  of  3,000  def-int:  ns,  By  T.  O'CoNOR 
Sloans,  A.M.,  Ph.D.   Third  £ditioo,  with  Appendix.    Crown  Svo,  690  pp., 

390  lUustratioos,  cloth  Net  7/6 

"The  work  has  many  attractire  features  In  It,  and  Is.  beyond  doubt,  a  well  put  together  and 

useful  publication.  The  amount  of  nound  covered  may  be  gathered  from  the  fact  that  in  the  index 

about  5,000  references  will  be  teund.—^- iectrua/  Keviith 

ELECTRIC  LIQHT  FITTINQ. 

A  Handbook  for  Working  Electriral  Engineers,  embod3nng  Practical  Notes  on 
Installation  Management.  By  J.  W.  Urquhart,  Electrician,  Author  of 
**  Electric  Light,"  &c.   WithnumefoasIUaattmUons.  Third  BditioB,  Revised, 

with  Additions.    Crown  8vo,  cloth  6/0 

"This  volume  deals  with  the  mechanics  of  electric  lig'htlnsf,  and  is  addressed  to  men  who 
are  already  engaged  in  the  work,  or  are  traininj:,'  for  it.  The  work  tr  ivorses  a  great  deal  of  i^fTOOmli 
and  may  be  read  as  a  nequel  to  the  author's  useful  work  on  '  iilectnc  Light.  —fi^r/y-Mrusft. 

' '  The  book  i«  well  wordi  the  perusal  of  the  «o<rknian,  Hor  whom  it  Is  wiUten."— f  Acf rfca/ 

ELECTRIC  LIGHT. 

Its  Pi cxl action  and  Use,  Embodying  Plain  Directions  for  the  Treatment  of 
Dynamo- Electric  Machines,  Batteries,  Accumulators,  and  Electric  Lamps. 
By  J.  W.  Um^^vmart,  C.S.   Sixth  Edition,  Enlarged.   Crown  ftvo,  doth. 

7/6 

"  The  whole  ground  of  electric  lighting  Is  nofi  or  kK  ccvsnd  and  explalaad  In  a  vety  clatr 

and  concise  manner."— ii/M;rm»/  Jtevtm/. 


A  radf  auTMai  of  the  salient  tects  TimniH'ttil  with  the  science  of  eiadile  UohtlBflr."* 

SUctrictan. 

DYNAMO  CONSTRUCTION. 

A  Practical  Handbook  for  the  Use  of  Engineer-Constructors  and  Electricians- 
in-Charge.    Embracing  Framework  Building,  Field  Magnet  and  Armature 

Winding;  and  Grouping,  Compounding:,  &C-     By  J,  W.  URQUHART.  Second 
Edition.  P.alaxgcd,  wiiLi  114  IKuilration^-     Crov-'n  Svo,  cloth         .        .  7/6 
I.'r. ,  u  I  inrt's  book  (s  the  first  one  whicii  ilt:,il;>  with  tlK-s«;  i;i,itters  m  sur  h  .1  w.iy  tl  1.1;  t  lit 
engineering  student  can  understand  them.   The  book  is  very  readable,  and  the  author  leads  his 
leaiais  np  to  dlfieiilt  sutoJeetK  by  neMoaably  staiple  tssta."— >gi|fOnfi*y  RtttUm. 

ELECTRIC  5HIP-LIQHTIN0. 

A  Handbook  on  th'-  Practical  Fitting  and  Running  of  Ships'  Electrical  Plant. 
For  the  Use  of  Shipowners  and  Builders,  Marine  Elecnicians,  and  Seagoing 
Engineers-in-Charge.  By  J.  W.  Ukquhart,  C.E,  Second  Edition,  Revised 
and  Extended.  With  88  Illustrations,  Crown  8vc,  cloth  7/6 
"The  subject  of  ship  electric  lighting  is  one  of  vast  importance  and  Mr.  Urquhart  is  to  be 
MlMv  compUmoBtsdlorplaclag  stick  a  Tahiabla  work  st  the  swryice  of  aaailne  slsctricisas."— 7*» 

ELECTRIC  LIGHTING  (ELEMENTARY  PRINCIPLES  OF). 
By  Alan  A.  CAHrasLL  Swinton,  M.Inflt.C£*,  M.I.E.E.  Fifth  Edition 

With  16  Illiistrfltions.    Crown  8vo,  cloth  1/6 

ELECTRIC  LIQHT  FOR  COUNTRY  HOUSES. 

A  Practical  Handbook  on  the  Erection  and  Running  of  Small  Installations, 
with  Particulars  of  the  Cost  of  Plant  and  Workiiq;.  By  J.  H.  Kmight. 
Tliird  Edition,  Revised.   Crown  Svo,  wrapper  1/0 

HOW  TO  MAKE  A  DYNAMO. 

A  Practical  Treatise  for  Aninteurs.  Containing  Illustrations  and  Detailed 
Instructions  for  Constmcting  a  Small  Dynamo  to  Produce  the  Electric  Light. 
By  AbrKSD  ClOfTt.  Sixth  Edition,  Revised.  Crown  Ivo,  cloth     «  2/0 

THE  STUDENT  5  TEXT-BOOK  OF  ELECTRICITY. 

By  H.  M.  NoADi  F.R.S.  650  pp.,  with  470  IllMiintions.  Crown  Svo^  doth. 

9/0 
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ARCHITECTURE,  BUILDING,  ETC. 


PRACTICAL  BUiLDINQ  CONSTRUCTION. 

A  Handbook  for  Students  Preparing  (ot  Examinations,  and  a   Hoolc  of 
Reference  for  Penom  Engaged  in  Building.    By  John  Parnbll  Allen, 
Surveyor,  I.ertnr<?r  on  Building  Construction  at  the  Dnrhnm  Collee:^  of 
Science,    Newcastie-on-'iyne.      Fourth   Edition,  Revised   and  Jmlajged 
Medkim  8vo,  570  pp.,  with  x,ooo  lUnatiacions,  dotb. 

[Just  Published.    AV/  7  6 

"  The  most  complete  exposition  of  building  construction  we  have  seen.  It  contains  all  that  is 
necessaij  10  pnfMM  nd—ti  for  tte  vtiloat  eiaaiBatloM  in  Mlittac  coMtnictkin."— ihrtWtoy 

Airwx. 

"  The  author  depends  nearly  as  much  on  his  diagrams  as  on  his  type.  The  pat^es  suggeM 
Uie  hand  of  a  m;in  of  expenencc  in  building;  operations — and  the  volume  must  be  a  blessing'  to 
■UUiy  teachers  a   .v.  1  is  to  students.  ' — The  Archttfi  :. 

"  The  work  is  sure  to  prove  a  formidable  rival  to  (preat  and  small  competitors  alike,  and 
bids  fair  to  take  a  permanent  place  as  a  favourite  student's  text-book.  The  large  number  of  Qlus- 
tmttoo*  deswe  puticular  mentioin  fur  the  great  merit  tbegr  puimbm  lor  purpoees  of  refsrence  in 
enctly  coneepoading  to  convenient  icalee,*— yw<rmrf4^<i<   


PRACTICAL  MA50NRY. 

A  Guide  to  the  Art  of  Stone  Cutting.  Comprising  the  Construction,  Setting 
Out|  and  Working  of  Stairs,  Circular  Work,  Arches,  Niches,  Domes,  Pendeo* 
tivesj  Vaults,  Traoeiy  Windows,  ftc ;  to  which  are  added  Supplements 

rcl;iting  to  ^Tasonry  Estimating  and  Qii-nt'ty  Sm'/eyln-,  nn  l  to  I'uilding 
Stonesjand  a  Glossary  of  Terms.  For  the  Use  of  Students,  Masons,  and 
other  Workmen.  By  William  R.  Purcrasb,  Building  Inspector  Co  Uie 
Borough  of  Hove.  T  rT!i  Fdition,  Enl  irc;  d  Royal  8vo,  axo  pp.,  with 
5a  Lithographic  Plates,  comprising  over  400  Diagrams,  cloth. 

{Jmt  PuWstud,  N€t  7/6 

"Mr.  Purchase's  'Practical  Masoniy' will  undoubtedly  be  found  useful  to  all  interested  in 
this  Important  »ibjcct,  whether  theoretically  or  practically.  NTn^t  of  the  examples  Riven  are  from 
actual  work  carried  1 1  ;t,  11  u:  diagrams  V»  n.),j^  carefully  drawn  The  book  is  a  prncLiciI  treatise  on 
the  subject,  the  author  himself  havinjj  toiiinienced  as  an  operative  mason,  and  afterwards  acted  as 
foreman  mason  on  mar.y  large  and  important  buihlm^^'s  prior  to  the  attainment  of  hLs  present 
poiltion.  It  should  be  found  of  general  utility  to  architectural  students  and  others,  as  well  as  to 
tiwte  to  iriiom  it  is  specfil^  addieHBd."— 


MODERN  PLUMBING,  5TB AM  AND  HOT  WATER 

HEATINQ. 

A  New  Practical  Work  for  the  Phiniber,  the  Heating  Engbieer,  the  Architect, 
and  the  Builder.  By  J.  J.  Lawler,  Author  of  "American  Sanitary  Pliunbing, 
&c.   With  284  Illustrations  and  Folding  Plates.  4to,  cloth      •  Net  21/» 

HEATING  RY  HOT  WATER, 

VbNTILATION  AND  HOT  WATtk  5UPPLY. 
By  Walter  Jonbs,  M.I.M.E.  340  page<},  with  140  Illustrations.  Royal  Svo, 

CONCRETE:  ITS  NATURE  AND  U5E5. 

A  Book  for  Architects,  Builders,  Contractors,  and  Clerks  of  Works.  By 
Gborgb  L.  Sutcliffe,  A.R.I.B.A.    350  pp.,  with  Illustrations.  Crown 

Svo,  cloth  7/6 

"The  author  treats  a  difficult  subject  in  a  lucid  manneff.  The  nuuutal  fiUs  a  lonC'ftit  8ep> 

It  te  careAil  and  exhaustive  ;  equally  usefbl  as  a  student* t  guide  and  an  siclilleGtY  bom  of 

nferenrfi  "^youma/  of  the  Royal  Institute  ^SriHsk  ArchUtcts. 

LOCKWOOD'S  BUILDER'S  PRICE  BOOK  for  1904. 

A  Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  BaildeiS| 

Architects,  Engineers,  and  Contractois.    Re<oiistnicted|  Re-writton,  and 

Greatly  Enlarged.   By  FRAMas  T.  W.  MlLUOk  800  dotely-printed  pages, 

crown  8vo,  doih  •  4/0 

**  Tlib  book  tea  very  taelkd  one,  and  liioidd  find  «  piace  la  every  EngUsh 
wtthliie  building  and  engueering  profesdons. 


"  An  exccuQent  book  of  reference."— .<4rcAMiel. 

"  In  its  new  and  revised  form  this  Price  Book  Is  what  a  work  of  this  Idnd 
henslve,  reliable,  well  arrangfed,  legfible,  and  well  bound.  '—.SnUlfrA  AriMitect, 

DECORATIVE  PART  OF  CIVIL  ARCHITECTURE. 

By  Sir  WiLUAM  Chambers,  F.R.S.  With  Portrait,  lUostratioos,  Notes,  and 
an  Examination  of  Grecian  Architpctttke,  by  Toseph  Gwilt,  F.S.A. 
Revised  and  Edited  by  W.  H.  Lxkds.   66  Plates,  410,  cloth      .      .  21/0 

Digitized  by  Google 
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THB  MECHANICS  OP  ARCHITECTURE. 

A  Treatise  on  Applied  Mechanics,  especially  Adapted  to  the  Use  of  Architects. 
By  E.  W.  Tarn,  M.A..  Author  of  *^  The  Science  of  Building,  "  &c  Second 
Bdilka,  Bnkifed.  Illtistntad  widi  xas  Diagrams.  Crown  Bvo,  dodi  7/6 
«*Th»  book  b  a  wty  ittrihl  ind  hdpfiil  manual  of  aichitectnral  tnechanics. "^Buildtr, 

A  HANDY  BOOK  OF  VILLA  ARCHITECTURE. 

Being  a  Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Outline  Specifications  and  Estimates.  By  C.  Wickes.  Architect,  Author  of 
"  The  Spires  and  Towers  of  England,"  &c*  61  Plates,  410,  balf-morocco,  gilt 

edges  £1  lis.  60. 

"  Tl;o  -.%'hole  of  the  dcf^i^"^?  bear  cvidrncc  oi  their  bcinf:  the  woA  of  an  Utffllc  ■RllitMit,  ud 
they  will  prore  veiy  valuable  and  %\xggf^y^"-^Butlding /^euts. 

THB  ARCHITECT'S  GUIDE. 

Being  a  Text-book  of  Useful  Information  for  Architects,  Engineers,  Surveyors, 
Contractocsi  Cl«rks  of  Works,  &&,  &c   By  F.  Rogbss.   Crown  Svo,  cloth. 

3/6 

ARCHITECTURAL  PERSPECTIVR. 

The  whole  Course  and  Operations  of  the  Draughtsman  in  Drawing  a  Large 
House  in  linear  Pers^tive.    Illuslrated  by  43  Folding  Plates.    By  F.  O. 

Ferguson.    Third  Edition.    Svo,  boards  3/6 

"  It  is  the  most  intelligible  of  the  treatises  on  this  Ul'treated  subject  that  I  have  met  with."— 
B.  W^iBSS  B8I.L,  Esq..  in  the  tU^^,  y«ummi. 

PRACTICAL  RULES  ON  DRAWING. 

For  the  Operative  Builder  and  Young  Student  in  Architecture.  By  Gborgb 
PvKK.   14  Plates,  4to,  boards  7/6 

MEASURINQ  AND  VALUING  ARTIFICERS'  WORK 

(like  Student's  Guide  to  the  Practice  of)'.  Containing  Directions  for  taking 

Dimensions,  Abstracting  the  same,  and  bringing  the  Quantities  into  Bill,  with 

Tables  of  Constants  for  Valuation  of  Labour,  and  for  the  Calculation  of  Areas 

and  Solidities.   Originally  edited  by  £.  Dobson,  Architect.   With  Additions 

by  E.  W.  Takn,  M.A.    Seventh  Edition,  Revised.    With  8  Plates  and 

63  Woodcuts.   Crown  Svo,  cloth  7/6 

"This  edition  will  be  found  the  most  complete  tteadse  on  ttie  principles  of  measuring  and 
vatuin?  aritfeett*  wock  that  has  yet  been  pubUslusd.  "SuOdiHe  Nrmu. 

TECHNICAL  GUIDE,  MEASURER,  AND  ESTIMATOR. 

For  Builders  and  Surveyors.  Containing  Technical  Directions  for  Measuring 
Work  in  all  the  Boilding  Trades,  Complete  Sponfications  for  Houses,  Roads, 
and  Drains,  and  an  Easy  Method  of  E.stimating  the  parts  of  a  Building 
collectively.   By  A.  C.  Bsaton.     Ninth  Edition.    Waistcoat-pocket  sise, 

gnt  edges  1/6 

'*No  bttflder,  aitblteet,  surveyor,  orvdaarihoiild  be  wttboutUs  'Beaton.' "--SMXMir  ASnw. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE. 

A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder.   With  an  Essay 

on  the  Structur'^  iind  Science  of  Modern  Huildings.    Upon  tbe  Basis  of  the 

Work  by  Alfred  Baktholombw,  thoroughly  Revised,  Corrected,  and  greatly 

added  to  by  Pkbdbsioc  Rogbks,  Architect.  Third  Edition,  Revised.  8vo, 

cloth  15/0 

"The  work  Is  too  well  known  to  need  any  lecommeadatkm  from  M.   It  Is  one  of  the  books 
wicn  Wutcn  aveiy  yoonp  aicnncc  nuR  do  ctiuippeck 


THE  HOUSE-OWNER'S  ESTIMATOR. 

*  Or,  What  will  it  Cost  to  Build,  Alter,  or  Repair?  A  Price  Book  for  Un- 
professional  People  as  well  as  the  Architeaural  Surveyor  and  Builder.  By 
J.  D  Simon.     Edited  by  F.  T.  W.  MiLUn,  A.R.I.&A.     Fifth  Edition. 

Carefully  Revised.    Crown  Svo,  cloth  Ifgt  8/6 

"  Id  two  yeazs  it  will  repay  its  cost  a  hundred  times  over." — Field. 

Digitized  by  Google 
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SANITATION  AND  WATER  SUPPLY. 
THE  HEALTH  OFFICER'5  POCKET-BOOK. 

A  Guide  to  Sanitary  Practice  and  Law.  For  Medical  Officers  of  H^tfa, 
Sanitary  Inspectors,  Members  of  Sanitary  Authorities,  &c.  By  Edward 
F.  WiLLOUGHBv,  M.D.  (Lend.),  ftc  Second  Editioo,  Revised  and  Enlarf^ed. 

Fcap.  8vo,  leather  J^ef    1  0/6 

"  It     a  mine  of  condensed  information  of  a  pertinent  and  useful  kind  on  the  various  subjects 

of  which  It  treats.  Th«diflisrane  subjects  are  succinctly  but  fully  and  scientifically  dealt  with."— 

7 he  Lan  t!. 

"  \\\-  n><  r>nwTi  ;nd  all  those  en^ftd  in  practical  sottltary  wt>rk  to  fondsh  ttMnsehes  with  a 

copy  for  reference."— >Sa«i/«0'  y«urn«U. 

THE  BACTERIAL  PURIFICATION  OP  5BWAQB : 

Peine:  a  Practical  Account  of  the  Various  Modern  Biological  Methods  of 
Purifyiojs  Sewage.  By  Sidney  Barvvisr,  M.D.  (Load.),  D.P.H.  (Camlx), 
etc.  With  to  Page  Plates  and  9  Folding  Diagratns.  Royal  8vo,  doth. 

Ifti  6/0 

THE  PURIFICATION  OP  5BWAQB. 

Being  a  Brief  Account  of  the  Scientific  Principles  of  Sew^e  Purification,  and 
their  Practical  Application.  By  Sidney  Barwisb,  M.D.  (Lend.),  M  R  C.S., 
D.P.H.  (Camb.),  Fellow  of  the  Sanitary  Institute.  Medical  Officer  of  Health 
to  the  Derbyshire  County  CoondL  Crown  8vo,  doth  ....  6/0 

WATER  AND  ITS  PURIFICATION. 

A  Handbook  for  the  Use  of  Local  Authorities,  Sanitary  O&cers,  and  others 
interested  in  Water  Supply.  Bv  S.  Rixwal,  D.Sc.  Load.)  F.I.C.  Second 
Edition,  Revised,  with  Additions,  including  nttmeioitt  lUustnttioiis  and  Tables. 
Large  Crown  8vo,  doth  Utt  Q/Q 

RURAL  WATER  SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Construction  of  Water- 
works for  Small  Country  Di<^tri'-ts.  By  ALLAN'  Orkknwrll,  A.M.LC.E., 
and  W.  1.  Curry,  A.M.l.C.ii..    Revised  Edition.    Crown  8 vo,  doth  5/0 

THE  WATER  SUPPLY  OP  CiTIE5  AND  TOWNS. 

By  William  Humber,  A.M.  Inst.  CB.»ond  M'^Inst.  M.S.  Imp.  4t~'  half- 
bound  morocco.   (See  page  II.)  •         £6  6S. 

THE  WATER  SUPPLY  OP  TOWNS  AND  THE  CON- 
STRUCTION OF  WATER-WORKS. 

By  Professor  W.  K.  Burton,  A.M.  Inst.  C.E.  Second  Edition,  Revised 
and  Extended.    Royal  8vo,  cloth.    (See  page  10.)  ....    £1  6 a. 

WATER  ENOINEERINO. 

A  Practical  Treatise  on  the  Measurement,  Storafre,  Conveyance,  and  Utilisa> 
tion  of  Water  for  the  Supply  of  To\vns,    By  C.  Slagg,  A.M.  Inst.  C.E. 

SANITARY  WORK  IN  SMALL  TOWNS  AND  VILLAGES. 
By  CHaiti.»»  Slagg,  A.  M.  Inst.  C£.  Crown  8vo»  doth   .  •  3/0 

PLUMBINQ. 

A  Tejct>book  to  the  Practice  of  the  Art  or  Craft  oC  the  Plumber.  By  W.  P. 
Bdckam.  Ninth  Editioo,  Bolaiiad,  with  soo  lUustvationt.  Ckown  8/6 

VENTILATION. 

A  Text-book  to  the  Practice  of  the  Art  of  Ventilating  Buildings.    By  W.  P. 
BiiaiAN,R.P.  Crown  8vo,  cloth  .......     Oi^B/tt  by  Google 
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CARPENTRY,  TIMBER,  ETC. 


THB  ELEMENTARY  PRINCIPLES  OF  CARPENTRY. 

A  Treatise  on  the  Pressure  and  Equilibrium  of  Tirn'  -r  Frnming,  the  Reslst;.n  ;c 
of  Timber,  and  the  Construction  of  Floors,  Aiches,  Bridges,  Roofs,  Uniting 
lion  and  Stone  with  Timber,  &c.  To  which  is  added  an  ^say  on  the  Nature 
Mul  Properties  of  Timber,  &c.,  with  Descriptions  of  the  klnd^  of  Wr orl  u  ed 
in  Building;  also  numerous  Tables  of  the  Scantlings  of  Timber  for  different 
purpoaesi  the  Spedfic  Gravities  of  Materials,  &c.  By  Thomas  Trbdgold,  C.E. 
witn  an  Appendix  of  Specimens  of  Various  Roofs  of  Iron  and  Stone,  lUus- 
trated.  Seventh  Edition,  thoroughly  Revised  and  considerably  Enlarged  by 
E.  WvNDHAM  Tarn,  M.A,,  Author  of  "The  Science  of  Building,"  ftc. 
With  6 1-  Plates,  Portrait  of  the  Author,  and  several  Woodcuts.    In  One  large 

Vol.,  4to,  cloth  Jgl  5,. 

"  Ought  to  be  in  eirery  architect's  and  every  builder's  Hhtviry."— Builder. 

**A  work  whose  monumental  excellence  miut  commeod  it  wherever  sUlfiil  carpentiy  {s 

concemed.  The  author's  principles  are  rather  confoned  tlMD  ]lll|Mil«d  by  ttaM.  The  *<t««t<M^f 

plates  are  of  grreat  intrinsic  value."— A'j^f(Wi»«^  Aifwr. 

WOODWORKING  MACHINERY. 

Its  Rise,  Progress,  anc^  Construction.  With  Hints  on  the  Management  of  Saw 
Mills  and  the  Economical  Conversion  of  Timber.  Illustrated  with  Examples 
of  Recent  Designs  by  leading  English,  French,  and  American  Engineers.  By 
M.  Powis  Bai-e,  A.M.Inst.C.E.,  M.I.M.E.  Second  Edition,  Revised, 
with  large  Additions,  large  crown  Svo,  440  pp.,  cloth      ....  9/0 

Mr.  Bale  Is  evidently  an  expert  en  the  sttbjaot,  and  he  has  collected  so  much  InfonuatioD 
that  his  book  is  all-sufficient  K>r  builders  and  others  engaged  in  the  convecrion  of  timber. 

"  The  most  compreliensiTe  compendium  of  wood-working  maeUiwiy  wo  lia«o  MMm,  Ttao 
author  h  a  thorough  master  of  his  wib]pCt."^Bnil«U$tg  Ntws, 

SAW  MILLS. 

Their  Arrangement  and  Management,  and  the  Economical  Conversion  of 
Timber.  By  M.  Powis  Balb,  A.M.Inst.C.E.  Second  Edition,  Revised. 
Crown  8vo,  cloth  10/6 

"  The  administration  of  a  Uige  savrlng  establishment  Is  discussed,  and  tb*  subject  emminad 
fWwi  •  financial  standpoint.  Henee  the  size,  shape,  order,  and  dispositioft  of  Mw  inllK  and  the  tfk« 
•ve  fone  into  in  detail,  and  tlw  ooofse  of  ttie  timber  is  tsaced  Ikom  its  seoqptloB  to  its  deliveiy  in  its 
«flii?«ned  state.  W«eoukliiotderiseamOTOcoinplet9orpncticattraatiM^'^-<A«ftM^. 


THE  CARPENTER'S  GUIDE. 

Or,  Book  of  Lines  for  Carpenters ;  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the  late  Pbtss 
Nicholson's  standard  work.  A  New  Edition,  Revised  by  Arthur  Ashpitel, 
F.S.A.  Together  with  Practical  Rules  on  Drawing,  by  George  Pyne. 
With  74  PlatM,  4to^  cloth   £1  Is, 

A  PRACTICAL  TREATISE  ON  HANURAILINQ, 

Showin  g  New  woA  Simple  Mediods  for  Finding  the  Ktch  of  the  Ptank,  Drawing 
the  Moulds,  Bevelling,  Jointinr:  ::p,  and  Squaring  the  Wreath.  By  George 
CoLLUiGS.  Revised  and  Enlarged,  to  which  is  added  A  Trbatisb  on 
Staik-builduig.  Third  EditkNi.  With  Plates  and  Diagramc.  xamo,  cloth. 

2/6 

"  Will  be  found  of  practical  utility  in  the  execution  of  this  difficult  branch  irf JiHnrwy.  "—^  BuMtr, 
"  Almost  every  ditHcult  phase  of  this  somewhat  intricate  btancli  of  Jofaety  fa  elueUated  hf 

the  aid  of  plates  and  cxplsmtor^'  letterpress." — Pumiiure  GazftU. 

CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY. 

A  Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature.  By 
Gborck  Collings.  With  Diagrams.    Fourth  Edition,  xamo,  cloth     .  S/o 

"  An  excellent  example  of  what  a  book  of  this  kind  sbotild  be.  Cheap  In  (»loe,  ekav  to 

definition,  ?*iid  practici!  in  the  ex.tmples  ■tr-\^c\.^A."— Builder . 

THE   CABINET-MAKER'5  GUIDE   TO  THE  ENTIRE 

CONSTRUCTION  OP  CABINET  WORK. 
By    Richard  Bitmead.   Illustrated  with  Plans,  Sections  and  Working 
Dmwii^  down  Svo,  doth  ..•••..•>  2/6 

Digitized  by  Go  ..i^ 
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HANDRAILINO  COMPLETE  IN  EIGHT  LESSONS. 

On  tlie  S<iiuure^iU  S^tem.  By  J.  S.  Goldthorp,  Teacher  of  Geometry 
and  Buildiog  CoMtruction  at  the  Hfalifiut  Medianics'  Institute.  With  Ei^ht 
Plates  and  over  150  Practical  Exercises.   4to,  cloth       ....  3/6 

"  Likely  to  be  of  cowtdewbto  vatoe  to  lotam  awl  oltMCi  wbo  takm  m  fMm  la  (ood  wk. 

The  amrangeinent  of  the  book  fa  ttKtBmt,         K^»flly  f^tn^^^^tfy^  ^  ffmi^i^t,* — 

'J'tpnbtr  Tradts  ymtmaL 

TIMBER  MERCHANrS  and  BUILDER'S  COMPANION. 

Containing  New  and  Copious  Tables  of  the  Reduced  Weieht  and  Measure- 
ment of  Deai.s  and  Battens,  of  all  iiizes,  and  other  Useful  Tables  for  the  use  of 
Timber  Merchants  and  Builders.    By  William  DOWSING.    Fourth  Edition, 

Revised  and  Corrected.    Crown  8vo,  cloth       ......    3  '0 

"  We  are  glad  to  see  a  fouitb  edition  of  these  admirable  tables,  which  for  cocrectness  and 
•impflctty  ofamiitMiiMC  Imt*  nediliig  to  ba  darind.**— TVaifcr  T¥md§$  ymntmt* 

THE  PRACTICAL  TIMBER  MERCHANT. 

Being  a  Guide  for  the  Use  of  Building  Contractors,  Surveyors,  Builders,  &c., 
annprisiog  useful  Tables  for  all  purposes  coDoected  with  the  Timber  Trade, 
Maries  of  Wood,  Essay  on  the  Strength  of  Tnnber,  Remarks  on  th«  Growth  Of 
Timber,  &c.  By  W.  Richardson.  Second  Edition.  Fcap.  8vo,  cloth  .  3/6 

"  This  handy  manual  contains  much  valuable  infocmadiea  for  tbe  use  ol  timbar  meKhaiits, 
builders,  forester*,  and  bU  othen  connected  with  the  gimrtli,  sriib  and  ammftctui*  of  tiaabar.**— 

PACKINQ-CASE  TABLES. 

Showing  the  number  of  Superficial  Feet  in  Boxes  or  Packing*Caaes,  from  six 

inches  square  and  upwards.   By  W.  Richardson,  Timber  Bioker.  Thhd 

Edition.  Obtoog  410,  doth  8/6 

"  Invaluatala  kbetir.«avia£  iabiafl."-/r«iMWM|««r. 
**  WHl  stve  much  faiboitr  and  calcntatioii.'*— CTverr. 

GUIDE  TO  SUPERFICIAL  MEASUREMENT.  I 

Tables  calculated  from  i  to  200  inches  hi  length  h^'  i  to  108  inches  in  breadth. 
For  the  use  of  Arrhitcrt?;,  Surveyors,  Ei^neers,  Timber  Altrchants, 
Builders,  &c   By  Jami^s  Hawicincs.   Fifth  Edition.   Fcap.,  cloth.  3/6 

"  These  tables  will  be  fourtd  of  threat  assistance  to  ail  irtio  leqdie  to  make  calculations  ef 

superficial  measurement."— .^m^/i'M  MechatUc, 

PRACTICAL  FORESTRY.  ! 

And  its  Bearing  on  the  Improvement  of  Estates.  By  Charlbs  £.  Cobtis, 
F.S.I.,  Professor  of  Forestry,  Field  Engineering,  and  Gcnoal  Estate 
Management,  at  the  College  of  Agricultmre,  Downtoo*  Second  Edition, 
Revised.    Crown  8vo,  cloth  3/6 

PREFATORY   REMARKS.  —  OBJECTS  OF  PLANTING.  —  CHOICB  OF  A  FORBSTBIL — 

Choice  ok  soil  and  sitf..— Lavinc  oin  of  Land  for  Plant ations.--Prbparation 

OF  IHE  GROUND  FOR  I'LANILN'O. —DRAINAGE.—I'LANTING.  — DISTANCES  AND  DISTRI- 
BUTION OF  TRJ.I  S  IN  ri.ANl  AT  IONS.— TREES  AND  GROUND  CrAME.— ATI  EN  !  ION  AFTER 

FLANTINC.— TlilNNINC;  OF  I'LAN  l  ATlONS.  —  PRI;NING  OF  FOREST  TREES  REALIZATION. 

-Mkth      -   OF  SALE.-MKAr  i  K    '.[f  N  .     >F  Tl M BBR.— MEASUBBIIBMT  AND  VALUATIQH 

OF  Larch  Plantation.— Fikh  Lines.— Cost  of  puinting. 

**Mr.  Cnrtis  has  in  the  course  of  a  series  of  short  pithy  chapters  aflbidad  nneii  IwiWHia. 
tion  of  .1  useful  and  practit  id  character  OB  the  plantinc  and  suhaequant  tieaimaat  of  treea."— 

Illustrated  CarptnUr  and  Builder. 

THE  ELEMENTS  OF  FORIZSTRY. 

Designed  to  afford  Information  concerning;  the  Planting  and  Care  of  Forest 
Trees  for  Ornament  or  Profit,  with  suggestUMis  npon  the  OteatioQ  and  Care  of 

WuoJl.-'.nd.v    r>\-  F.  v..  HouGiT    Large  crown  8 vo,  cloth     .      .  lO'O 

TIMBER  IMPORTER'S,  TIMBER  MERCHANT'S,  AND 

BUILDER  S  STAiNDAkD  OUIDB.  ! 
By  RiCHAKD  E.  Grandy.    Comprising  : — An  AuaJvsis  of  Deal  Standards, 
Home  and  Foreign,  with  Comparative  Values  and  Tabular  Arrangements  for  1 
fixing  Net  Landed  Cost  on  Baltic  and  North  American  Deals,  including  all  ' 
intermediate  Expenses,  Frei|;ht,  Insnranoe,  &c. ;  together  with  copious  Informa* 
tioo  for  the  Retailer  and  Builder.    Third  Edition,  Revised.  lamo,  cloth  2/0 
"  Everything  it  pretends  to  be:  built  up  gradually,  it  leads  one  from  a  forest  to  a  treenail,  «ad 
tiirows  in.  as  a  mak«if«gfat,  a  boat  of  material  conewnlnff  bricks,  cdhnnna,  dMnii,  ftc"— 
Attefuuuc 

Digrtized  by  Google 


DBCORAJIVB  ARTS. 


DECORATIVE  ARTS,  ETC. 


5CH00L  OF  PAINTINQ   FOR  THE  IMITATION  OF 

WOODS  AND  MARBLES. 
Ai  Tanght  and  Practised  by  A.  R.  Van  dbr  Burg  and  P.  Van  der  Burg, 
Directors  of  the  Rotterdam  Painting  Institution.    Royal  folio,  i8j  by  12^  in., 
Illustrated  with  24  full-size  Coloured  Plates  ;  also  12  plain  Plates,  comprising 
tS4Figiii«s.  Fourth  Bditioo  doth.  Uusi PmbUsked,  JKr/ £1  6s. 

List  of  Plates. 

X.  Various  tools  required  for  wood  Painting.— 3.  walnut  :  preliminary 
Stages  of  graining  and  Finished  Specimen.  —  4,  tools  used  for  Marble 
Painting  and  method  of  manipulation.— 5,  6.  St.  Kemi  marble ;  Earlier 
Operations  and  Finished  Specimen.  —  7.  Methods  oh  skkiching  Different 
grains,  knots.  &c.— «,  9.  ash:  preliminary  stages  and  unishl.o  spbci- 
MBN.  — 10.  Methods  of  sketching  Marble  Grains.  —  ix,  la.  Breche  marblb; 
Preliminary  stages  of  Working  and  Finished  Specimen.- 13.  Maple  ;  Methods 

OF  PRODUCING  THK  DiKHKRENT  GRAINS.— 14,  15.  BIRD  S  EYE  MAPLE  ;  PRELIMINARY 
STACBS  AND  FINISHED  SPECIMEN.— 16.  METHODS  OF  SKETCHING  THE  DIFFERENT 
SPBCnS  OF   WHITE   MAKULB.— 17,    x8.    WHITE   MARBLE  ;   PRELIMINARY   STAGES  OF 

Pkocbss  AMD  fhushbo  SPBCUdBM.— 19.  Mahogany;  spbciubns  of  various  grains 
AND  Mbtkcwb  op  Manipulation.— acv  n.  mahogany  ;   earubr  stagbs  and 

FmiSMBD  SPBOHBN.— M,  «,  a4.  SIBNNA  MAKBLB:  VARIBTIBS  OF  GKAIN,  PKBUMINARY 
STAGBS  AND  FiNISBBD  SraCXMBN.— ag,  16,  VJ.  jUMIPBR  WOOD;  MBTHODS  OF  PRO- 
DUCING Grain.  &c.  ;  PRELIMINARY  STAGBS  AND  PINKHBD  SWCnniW.  -  «fc  9X,  VSKT 
DE  MER  MARBLE;  VARIBTtBS  OP  GRAIN  AND  MBTHODS  OP  WORKING,  UNFINISHBD 

AND  FINISHED  SPECIMENS.— 31,  SS.  M.  OAK  ;  VARIETIES  OF  GRAIN,  TOOLS  EMPLOYED 
AND  METHODS  OF  MANIPULATION,  PRELIMINARY  STAGES  AND  FINISHED  SPECIMEN.— 

SI.  35.  36-  WAULSOBT  MABBLB|  VAKBTIBS  OV  G«AIN,  UNFINISHBO  AMD  FlMISHBD 
PECIMENS. 

"  Those  who  desire  to  attaitt  skill  in  the  art  of  painting;  woods  and  marbles  will  find  advantage 
fei  consulting  this  book.  .  .  .  Some  of  the  Working  Men's  Clubs  should  give  their  young  men 
dM  opjPOitimity  to  study  iL"— Builder, 

**  A  comprehensive  guide  to  the  art  The  explanations  of  the  processes,  the  manlpulatloo 
and  oMiiagement  of  the  colouzs.  and  the  beautifully  executed  i^es  will  not  be  the  least  TanaUa  to 
llie  iCiMlaBit  wbo  ata»  at  makiag  hb  work  a  laiOi&l  tsanaciipt  of  natura.  "^uUdiitg  N€m, 

**8iiMlanii«Bd  notioaa  arafntunato  who  am  abia  to  baeoiM  tha  poanHon  of  aonoUaa 


ELEMENTARY  DECORATION. 

A  Guide  to  the  Simpler  Forms  of  Everyday  Art.  Together  with  PRACTICAL 
HOUSB  DECORATION.  By  Jambs  W.  FAcnr.  With  noaMfovs  Illitt- 
tntioDS.  InOnft  VoL,  atraiigly  uuf-boaiid  0/0 


H0U5E    PAINTINQ,    QRAlNINQt    MARBUNQ,  AND 

SIGN  WRITING. 
A  PiBCttcal  Manual  of.  By  Blus  A.  I>AVXDBOir.  Bwhth  Bdidon.  With 

Coloured  Plates  and  Wood  Engravings.   Crown  8vo,  cloth  .      .  6/0 

"Aoianofinfoimatioaof  UBetotheanaMuraiidof  valua  to  ttie  piactlcal  jaMC^SnglUh 
Mtekanie. 

THE  DECORATOR'S  ASSISTANT.  ' 

A  Mcxiem  Guide  for  Decorative  Artbts  and  Amateurs,  Painters,  Writers, 
Gilders,  &c.  Containing  upwards  of  600  Receipts,  Rules,  and  Instructions  ; 
with  a  variety  of  InformatioD  for  General  Work  connected  with  every  Qass  of 
Interior  and  Exterior  Decorations,  &c.    Eighth  Edition.   Cr.  8vo         .    1  /O 

**  Full  of  receipts  of  value  to  decorators,  painters,  gilders,  See  The  book  contains  the  gist  of 
larger  treatises  on  colour  and  technical  processes.  It  would  bodlficilltto  IMat  wMl  a  WOtk  to  Ml 
of  vahed  inionoation  on  the  painter  s  in.  "—£tt*idi»£  JVewt. 

MARBLB  DBCORATION 

And  the  Terminology  of  British  and  Foreign  Marbles.  A  Handbook  for 
Students.  By  Gbobcb  U.  Blagkovb,  Author  of  "  Shoring  and  its  Applica- 
tionj^ftc  With  li  lUnamtioitt.  Cxown  8w,  doA     ....  8/6 

"This  most  useful  and  mdiwmtod handbook ibodd be  hi  tbt  kmih  tif  ■  1  irj  wrr W>i rt  imi 
builder."-ng>rfWwg  H''or^d. 

-A  caieftiHr  ■■d  etofcUr  wiHton  fwaUse  i  the  work  b  nwUlilly  pwctlMI.*«"Jto<fiww. 
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DELAM0TTE8  WORKS  ON  ILLUMINATION  AND 

ALPHABETS. 


ORNAMENTAL  ALPHABETS,  ANCIENT  d:  MEDliCVAL. 

From  the  Eighth  Centorr,  with  Numerals;  iiida<fi]ifr  Gotlnc,  Chnrdi-Text, 

larRe  and  small,  German,  Italian,  Arabesque,  Initials  for  Illumination, 
Monogranu,  CrosseS]  &c.|  for  the  use  of  Architectural  and  Engineering 
Dnmghtsmen,  Misnl  Punters,  Masons,  Decorative  Painters,  Lithographers, 
Engravers,  Carvers,  &c.  Collected  and  Engraved  by  F.  Delamotte.  and 
printed  in  Colours.  New  and  Chei4)er  Edition.  Royal  8vo,  oblong, 
ornamental  hoards  2/6 

"  F  'T  those  who  insert  enaincIl«-<!  sentences  round  pilderl  chalices,  who  lilaron  shop  legeods 
over  shop^oors,  who  letter  diurch  walls  with  pithy  seuteuces  from  the  Decalogue,  this  book  iral  ba 


MODERN  ALPHABETS*  PLAIN  AND  ORNAMENTAL. 

Including  German,  Old  EncHsb,  Saxon,  Italic,  Perspective,  Greek,  Hebrew, 
Couit  Hand,  En^ossing,  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque; 
with  several  Original  Designs,  and  an  Analysis  of  the  Roman  and  Old  English 

Alphabets,  large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen, 
Surveyors,  Masons,  Decurati%e  Painters,  Lithogri^hers,  Engravers,  Carvers, 
&c.  Collected  and  Engraved  by  F.  Dblamottb,  aim  printed  in  Cblours. 
New  and  Cheaper  Edition.    Royal  8vo,  oblong,  ornamental  boards  2/6 

"  There  is  comprised  in  it  every  possible  shape  into  which  the  letters  of  the  alphabet  and 
numerals  can  \^  funned,  and  the  talent  which  has  been  eipanded  iathaCOIieeiMioa  oftlMvailoat 

plain  and  ornamental  letters  is  wonderful."— 5ton<iar(/. 

MEDI/EVAL   ALPHABETS    AND  INITIALS. 

By  F.  G.  Delamotte.  Containing  3i  Plates  and  lUiuninated  Title,  printed 
in  Gold  and  Colours.   With  an  Introduction  by  J.  Willis  Brooks.  Fifth 

Edition.    Small  4to,  ornamental  boards  Net  QIQ 

••A  vohime  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gliding  and  all  the 
ookynie  of  the  prism  tater  woven  end  taleii  wined  and  lulemilngled.'*~S^Mn. 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION, 

For  the  Use  of  Beginners ;  with  a  Rudimentary  Treatise  on  the  Art,  Practical 
Directions  for  its  Exercise,  and  Examples  taken  from  Illuminated  MSS., 
printed  in  Gold  and  Colours.  By  F.  Dklamottb.  New  and  Cheaper 
Edition.   Small  4to,  ornamental  boards  6/0 

"The  examples  of  ancient  MSS.  rot>onimended  to  tlie  stuflent,  which,  with  much  jfood  sense, 
the  author  chooses  from  collections  accessible  to  all,  are  selected  with  judgment  and  knowledge  as 


THE  EMBROIDERER'S  BOOK  OP  DBSION. 

Containing  Initials,  Emblems,  Cyphers,  Monograms,  Ornamental  Borders. 
Ecclesiastical  Devices,  Medisval  and  Modern  Alphabets,  and  National 
Emblems.   Collected  by  F.  Delamotte,  and  printed  in  Colours.  Oblong 

wytl  8vo,  ornamental  wrapper  JVSr/  9/0 

"  The  book  will  be  of  ^eat  asibtance  to  ladies  and  young  chfldren  who  are  endowed  with 
the  an  of  plying  the  needle  iu  this  mostonuunental  and  useful  pretty  ^t\i."—East  AngOmn  TVmct. 


WOOD-CARVINQ  POR  AMATEURS. 

With  Hints  on  Design.   By  A  Lady.  With  lo  Plates.  N6w  and  Cheaper 

Edition.    Crown  8vo,  in  emblematic  wrapper  12/0 

"  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  learnt  from  '  A 

PAINTING  POPULARLY  EXPLAINED. 

By  Thomas  John  Gullick,  Painter,  and  John  Timbs,  F.S.A.  Including 
Fresco,  Oil,  Mosaic,  Water-Colour,  Water-Glass,  Tempera,  Encaustic, 
Iflniatnie,  Painting  on  Ivory,  Vellum,  Pottery,  Suunal,  Glass,  &c.  fifth 
Bdltkm.  Crown  8vok  doth  6/0 

*»*  Adoptid  as  a  Prix*  Book  at  South  Kensington. 

"  Much  mav  be  learned,  even  by  those  who  fancy  they  do  not  require  to  k>e  taught,  from  the 
1  peiusal  01  tbls  MapteteadlBg  but  oompielMiMfare  tnaoM,"— t^vtf  ypmnmt. 
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NATURAL  SCIENCE,  ETC. 


TUB  UNIVBR5B. 

Chaplara  on  the  Origin  axid  Construction  of  the  Heavens.  By  J.  E.  Gorb, 
7.R. A  ,  Author  of  "  S  i  ar  Groups, "  &c.  Illustnted  by  6  Stellar  Photographs 
an<i  12  Plaies.    Deaiy  Svo,  doth  16/0 

STAR  GROUPS. 

A  Student's  Guide  to  the  Constellations.  By  J.  Ellard  Gork,  F.R.A.S., 
M.ILI.A..  &c,  Author  of  "The  Visible  UniverM,"  "TIm  SeetMf  of  the 
Heavens,*'  &c.    With  30  Maps.    Small  410,  cloth  .....  H/O 

AN  ASTRONOMICAL  GLOSSARY. 

Or,  Dictionary  of  Terms  used  in  A'^ironomy.  With  Tables  of  Data  and  Lists 
of  Remarkable  and  interesting  Celestial  Objects.  By  J.  Ellakd  Gore, 
P.R.A.S.,  Author  oi  **  The  Visible  Vvrnm,**  Ibe.  Snail  cfown  Svo*  cloth. 

2/6 

THE  MICROSCOPE. 

its  Construction  and  Maaagement.  Including  Technique,  Photo- mici  ography, 
and  the  Past  and  Fmnre  of  the  Microscope.  By  Dr.  Hbnri  van  Hbukck. 
Re-Edited  an(!  Anc:rnente<!  from  the  Fourth  French  Edition,  imd  Translated 
by  Wynne  K.  Uaxtkk,  K.G.S.    Imp.  8vo,  cloth     ....  18/0 

A  MANUAL  OF  THE  MOLLUSCA. 

A  Treatise  on  Keccnt  and  Fossil  Shells.  By  S.  P.  Woodward,  AL.S., 
F.G.S.  With  an  Appendix  on  Rbcbnt  and  Fossil  Conchological 
BiscovFRiEs,  by  Rai  ^-h  Tate,  A.l  .S.,  F.G.S.  With  23  Plates  and 
upwards  ol  300  Woodcuts.  Kcpnnt  oi  i*<>urtb  Edition  (1880).  Crown  8vo, 
Cnitn  ..••••••••.*«•  7/6 

THB  TWIN  RECORDS  OF  CREATION. 

Or,  Geology  ud  GeiMrii»  their  Pedect  Hnmony  and  Wodderltal  Coaoord. 
ByG.  W.  V.  mVaox.  8vo»  cloth  6/0 

LARDNER'S  HANDBOOKS  OF  SCIENCE. 
HANDBOOK  OF  MECHANICS. 

Enlarged  and  re-written  by  B.  I,(jk\s  v,  F.R.A.S.   Post  ovo,  cloiii    .  6/0 

HANDBOOK  OF  HYDROSTATICS  AND  PNEUMATICS. 

ReTised  and  Enlarged  by  B.  Lokwv,  F.R.A.S.    Poit  ovo,  cloth       ,  fi/O 

HANDBOOK  OF  HEAT. 

Edited  and  re>written  by  B.  Lokwy,  F.K.A.ii.    Post  6vo,  cioih       .  6/0 

HANDBOOK  OF  OPTICS. 

NewBditioii.  Edited  by  T.  Olvbr  Harding,  B. A.  Small  8vo,  cloth  6/0 

ELECTRICITY,  MAGNETISM,  AND  ACOUSTICS. 
Edited  by  Gso.  C  Foster,  B.  A.   Small  8vo,  cloth  ....  6/0 

HANDBOOK  OF  ASTRONOMY. 

Revised  and  JCdued  by  EiJ WIN  DuNKiN,  F.R.A.S.    8v0|  cloth  .       .  9/6 

MUSEUM  OF  SCIENCE  AND  ART. 

With  upwards  of  z,aoo  Engravings,  In  Six  Double  Volumes,  dSI  la.  Cloth, 
or hiOfHnorocGO  £1  lie.  6d. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS  •  .  3/6 
ANIMAL  PHYSIOLOGY  FOR  SCHOOLS  .  .  3/6 
THE  ELECTRIC  TELEGRAPH. 

iUviied  by  £.  B.  Bkigmt,  F.R.A.S.   Fcep.  8vo,  doth    *      .       .  2/6 
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CHEMICAL  MANUFACTURES, 
CHEMISTRY,  ETC. 


THE  OIL  FIELDS  OF  RUSSIA  AND  THE  RUSSIAN 
PBTROLBUM  INDUSTRY. 

A  Practical  Handlxiolc  on  the  Exploration,  Exploitation,  and  Management 
of  Russian  Oil  Properties,  including  Notes  on  the  Origin  of  Petroleum  in 
Russia,  a  Description  of  the  Theory  and  Practice  of  Liquid  Fuel,  an  i  a 
Translation  of  the  Rules  and  Regulations  concerning  Rnasian  Oil  Pwp'-.: :  !•  . 
Hy  A.  Hkkhy  Thompson,  A.M.I.M.E.,  late  Chief  Engineer  and  Manager  of  the 
European  Petroleum  Company's  Russian  Oil  Properties.  About  500  pp.,  with 
numerous  Illustrations  and  Photographic  Plates,  and  a  Mapof  the  BaJakhaay* 
Saboontchy-Romanv  Oil  Field.  i>uii«r-royal  8vo,  cloth. 

[Jusi  Publi'sked.    Net  £3  3». 

THE  ANALYSIS  OF  OILS  AND  ALLIED  SUBSTANCES. 

By  A.  C.  Wright,  M  A.Oxon.,  B.Sc.Lond.,  formerly  Assistant  Lecturer  in 

Chemistry  at  the  Yorkshire  College,  Leeds,  and  LectUKr  in  Chemistry  at  the 

Hull  Te<:hnical  S  rhool.    Demy  8vo,  cloth  Ntt  QIQ 

THE  GAS  ENGINEER'S  POCKET-BOOKi 

Comprising  Tables,  Notes  and  Memoranda  relating  to  the  ManofiKtorei 
Distribution  and  Use  of  Coal  Gas  and  the  Construction  of  Worict.  By 
H.  O'Connor,  A.M.  Inst. C.E.  Second  Edition,  Revised.  470  pp.,  crown  8vo, 

fully  Illustrated,  leather  10/0 

**  The  book  contadns  a  vast  amount  of  inrormation.    The  author  eoes  Ci 
the  encineering  details  nd  practical  methods  iarolved  in  each  of  the  dii 


of  a  gas-works.    He  has  certainly  succeeded  ia  wMng  a  oonpflatloa  ef 
•iNolttt^  Intecefldnff  to  read."— ff^(9rU. 

"The  Tolanw  contains  a  greet  quantity  of  specialised  infenaatloa«  coapOecL  «fibeBef«,fRM 
trustworthy  sources,  which  SheeldwMW  it  efcotwidewdilewlBetetlMwaibewtie^ 

produced .  — SnjeiMttr. 

LIGHTING  BY  ACETYLENE 

Generatort,  Burners,  and  Electric  Pamacet.  By  William  E.  6iBBt»  M.B. 

With  66  Illustrations.    Crown  8vo,  cloth  7/S 

eNQINBBRINQ  CHEMISTRY. 

A  Practical  Treatise  for  the  Use  of  Analytical  Chemists,  Engineers,  Iron 
Masters.  Iron  Founder^Students  and  others.  Comprising  Methods  of  Aiialysis 
■ad  Valuation  of  the  Principal  Materials  used  in  Engineering  Work,  widi 
numerous  Analyses,  Examples  and  Suggestions.  By  H.  Joshua  Phillips 
F.I.Cm  F.CS.  Third  Edition,  Revised  and  Enlarged.  Crown  8vo,  420  pp., 
with  Plates  and  other  IiIuatnnon>»  doth.       ....     ilfU  lO/O 

"In  this  worlc  the  author  has  rendered  no  small  senrlce  to  a  numePOttS be^  ef  pnctieel 
■MB.  ...  The  analytical  methods  may  be  pronounced  most  satisfactory,  being  as  accunw  as  the 

deqiatch  requin^d  uf  enj^neerini;  chemists  permits." — Cktmital  XfU's. 

"The  analytical  methods  ^ven  are.  as  a  whole,  such  as  are  likeljr  to  {^re  rapid  and  trust- 
worthy results  in  experienced  hands.  .  .  .  There  is  much  eKcellent  descriptive  matter  in  the  weiki 
the  chapter  on  '  Oils  and  Lubrication '  being  specially  noticeable  in  this  respect,"— '^wy^MW. 

NITR0-EXPL0S1VE5. 

A  Practical  Treatise  concerninf^  the  Properties,  Manufacture,  and  Analy^ 
of  Nitrated  Substances,  including  the  Ftalmhiates,  Smokeless  Powders,  and 

Celluloid.    By  P.  Gerald  Sanford,  F.I. C,  Consulting  Chemist  to  the  Cotton 

Powder  Company,  Limited,  &c.  With  Illustrations.  Crown  8vo,  cloth.  9/0 

**One  ef  the  vefy  fsw  teal*books  in  wUeh  can  be  fsund  Just  what  is  wanted.  Mr.  Sanford 
foes  steadily  thvoaeb  QM  whole  list  ef  eiploslres  commonly  used,  he  names  any  ^nsn  explosive, 
and  teUs  us  of  what  Tt  Is  compeeed  and  how  It  b  manufactured.  The  book  is  excellent."— if  fv^'Mcr. 

A  HANDBOOK  ON  MODERN  EXPLOSIVES. 

A  Practical  Treatise  on  the  Manufacture  and  Use  of  Dynamite.  Gtui*Cotton, 

Nitro-Gljrceiine  and  other  Explosive  Compounds,  indiuung  Collodioa«Cotton. 

With  Chapters  on  Explosives  in  Practical  Applicatioil.    By  M*  StS8LSK|  M.E. 

Second  Edition,  Enlarged.    Crown  8vo,  cloth  •      •  12/8 

"  A  veritable  m!ne  o*  in'ormati  m  on  th^  subject  ef  exsleslveseiBploifed  for' 
and  bUtttlag  purp9ses."->WrMur.M4^  A'aigr  (rturtfrc. 
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A  MANUAL  OP  THB  ALKALI  TRADE* 

lodadtng  the  M«nafiM:tare  of  Sulphuric  Acid,  Snlphate  of  Soda,  and  Bleaching 

Pow^T.  Hy  John  Lomas,  Alkali  jNTanufacturer.  With  23^  Illustrations 
and  Working  Drawings,  Second  Edition,  with  Addilions.  Super-royal  8vo, 
dotb  «1  10«. 

"We  find  not  merf1\-  :i  <:.i>un(l  anrl  liiinjiirius  explanation  of  tlie  ::lif;[ii':ril  pniic i pl(_-s  of  tliC 
trade,  but  a  notice  of  nun  i  rou*  matters  which  hare  a  most  important  heAzmi^  oa  the  successful 
conduct  of  ,iikaii  works,  hi.t  vrfiicb  aM  8«MC«1^  ovwloolnd  Of  •vM  aspaMioad  ladiiwlofieal 

autiion." — Cfumifal  Rtx-inu,  • 

DANGEROUS  Q00D5. 

Their  Sources  and  Properties,  Modes  of  Storage  and  Transport.  With  Notes 
and  Comments  on  Accidents  arising  therefrom.  A  Guide  for  the  Use  of 
Goverament  and  Railway  Officials,  Steamship  Own«n,  &c*  By  H.  Joshua 
Phillips,  F.I.C.,  P'-CS.    Crown  8vo,  374  pp.,  cloth     ....  9/0 

"  Merits  a  wide  circuUtlon,  and  an  iniclU^^ent,  appre<:l-Ttive  stn&f ."•Chemical  NeufS. 

THE  BLOWPIPE  IN  CHEMISTRY,  MINERALOGY,  Etc. 

Containing  all  known  Methods  of  Anhydrous  Analysis,  many  Working 
Simnples,  and  Intntedons  for  Making  Apparatus.    By  Lieat^-Coloael  W.  A. 
Ross,  R.A.,  F.G.S.    Second  Editron,  Enlarged.    Crown  8vo,  cloth    .  g/O 
"The  student  who  goes  conscientiously  through  the  course  of  experimentation  here  laid  down 
will  ga3a  a  Better  insight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  '  got  up '  any  of  the 
ban  «Btt4MXika  of  th«  day,  and  paaad  any  anmbat  ct  emmkiariont  in  ttieix  conteoti  "—CMtmiuU 


THE  MANUAL  OF  COLOURS  AND  DYE-WARES. 

Their  Properties,  Applications,  Valuations,  Impurities  and  Sophistications. 

For  the  Use  of  Dyers,  Printers,  Drysalters,  Brolcers,  &c.    By  J.  W.  Slatf.r. 

Second  Edition,  Revised  and  greatly  Enlarged.    Crown  8vo,  cloth       .  7/6 

"  There  is  no  other  work  wt^h  covers  precisely  the  same  ground.  To  atudmts  preparing 
I  hi  rt|iiin|[  inrt  printing  If  Trill  ptoTO  atr— illmiy  iisaftil  **  ChtttUmt  jVr 


A  HANDY  BOOK  FOR  BRBWBR5. 

Being  a  Practical  Guide  to  the  Art  of  Brewing  and  Malting.  EmbradngtlM 
Conclusions  of  Modem  Research  which  bear  upon  the  Practice  of  BreDidng. 
By  Hkrbkrt  Edwards  Wright,  M.A«   Second  Edition,  Enlarged.  Crown 

8vo,  530  pp.,  cloth    1 2/6 

"  May  be  cooaultedwlth  advantage  by  the  student  who  b jptepaiing  himself  for  examinational 

Tha  woik  h  writty  tbtonglKNit  In  a  day  1 
to  disctiuilnatia  bafewMii  vsgna  tiieodM  and 


»  bjpnparinC  himself  for  examinational 
r  airfte  laMt  linpoftint  dbcoveciee  of 
anil  comcba  mannMr,  and  tfia  autlMt 


**We  have  great  pleasure  In  recommending  this  handy  book,  and  have  no  hesitation  Insa)r1n£ 
that  it  is  one  of  the  ?  <-st  if  m  t  the  1  est— wliich  has  yet  been  written  on  the  subject  of  beer-brewing 
la  this  country ;  it  should  tuive  a  place  on  the  shrives  of  every  brewer's  library.  "—£mMr? 


PUBLSs  SOLID*  LIQUID,  AND  OASBOUS. 

Their  Analysis  and  Vdnaticm.  For  the  Use  of  Chemists  and  Bi^ineers.  By 
H.  J.  Phillips,  F  C.S.,  formerly  Analytical  and  Consulting  Chemist  to  the 
G.E.  Rlwy.  Fourth  Edition.    Crown  8vo,  cloth     .....  2/0 

"Ought  to  have  Its  place  in  the ' - ^t^rrry  it1  untfir mittslhirgtrsi  tftiWhhitHit  aadwiieMver 

fuel  Is  used  on  a  Inrsje  %c»ia.  ' ' '^hfrnirai  Nrws. 

THE  ARTISTS'  MANUAL  OF  PIGMENTS. 

Showing  their  Compo'^ition,  Conditinn*;  of  Permanency,  Non-Permanency,  and 
Adulterations,  &c.,  with  Tests  of  Purity.  By  H.  C.  Standagb.  Third 
Edition.     Crown  Svo,  doch  2/6 


''This  woric  Is  Indeed  *nufti*fn.in ^nw.  and  wa  can.  whh  good  eontcfence.  recomnwnd  it  to 
la  eentact  with  pigments,  whether  as  maken,  dealen,  or  users. "—Cktmieal  Xevieu  . 


A  POCKET-BOOK  OF  MENSURATION  AND  QAUQINO. 

Containing  Tables,  Rules,  and  Memoranda  for  Revenue  Olhcers,  Brewers, 
Spirit  Merchanu.  &c.  B7  J.  B.  Mant,  Inland  Revenne.  Second  Edition, 
Revised.    x8mo,  leather  •      .      •      «  4/0 

■*SboMld  be  In  the  hands  of  eveqr  ptactkal  bMwer."— £«v»tfrf '  ytmrmmk 
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INDUSTRIAL    ARTS,    TRADES.  AND 

MANUFACTURES. 


TBA  MACHINERY  AND  TEA  FACTORIES. 

A   Descriptive   Treatise  on  the   Mechanical  Appliances  required   in  the 

Cultivatiuii  of  the  Tea  Plant  and  the  Preparation  of  Tea  for  the  Market.  By 

A.  J.  Wallis^Tavlkr,  A.  M.  Inst.  CK.  Medium  Svo*  468  pp.    With  318 

Ittustnitioot  AM  20/0 

Summary  of  Contents. 
Mhchanicai  Crn  IV  ai  ion  or  Tii,i.a(;r  of  thr  Son..— Pi-UCKiNr.  or  Gathering 

THH    LEAF.  — TF.A    FACK  )K  I  KS.— THR    DRHSSING.    MANUFACTURE,    OR  PREPARATION 

OF  Tea  bv  Mechanical  Means.  —  Artificial  Withering  of  the  leaf.—  • 
Machines  for  Rolling  or  Curling  the  Leaf.— Fhrmrnting  Process.  — 
Machines  for  the  automatic  drying  or  Firing  of  the  Leaf.— machines  for 
non-auiomatic  i>ry1ng  or  firing  of  thr  leaf.— drying  or  firing  machines. 
—  Breaking  or  Cuiting.  and  Sorting  Machinks.— Packing  the  Tea.— Means 
OF  TRANSPORT  ON  TBA  PLANTATIONS.— MlSCBLLANBOUS  MACHINBBY  AND  APPARATUS. 
^FlMAL  TRBATMBMT  OP  THB  TBA.~TABLSS  AND  MBMORANDA. 

"Thesu]>Ject  of  ten  mnchinery  is  now  one  of  the  fint  Interest  to  a  large  dtWOf  pMptab  to 
whom       strongly  coiimu-tid  the  \oh\mc."— Chamber  o/Centmerce  youmal. 

"\S'hen  te.i  planting  was  first  introduced  into  tlic  Britisli  jKiSsessions  little,  if  any,  macbineiy 
was  employed,  hut  now  its  use  i<i  almost  universal.  1  his  volunte  contains  a  vety  fuU  account  of  tte 
machinery  necessary  for  the  proper  outfit  of  a  factory,  and  also  ft  dwcriptlon  01  titM  pfOCOmt  bOSt 
carried  out  by  this  machinerj-." — journal  Socitlgf  ^/ ArU* 

FLOUR  MANUFACTURE. 

A  Treatise  on  Milling  Science  and  Practice.  By  Frikdrich  Kick,  Imperial 
Reeierun^sratb,  Professor  of  Mechanical  Technology  in  the  Imperial  German 
Po^echnic  Institute,  Prague.  Translated  from  the  Second  Enlarged  and 
Revised  Edition  with  Supplement.  By  H.  H.  P.  Powles,  Assoc.  Memb. 
Institution  of  Civil  Engineers.  Nearly  400  pp.  Illustrated  with  a8  Folding 
PlMei,  aad  167  Woodcnts.  Rofai  Svo,  doth  |St  Sa, 

"This  invaluable  work  is.  and  will  remain,  the  Standard  authority  on  the  science  of  milling. ,  . . 
The  miller  who  has  read  and  dijjcsted  this  worlc  will  have  laid  the  foundation,  so  to  speak,  of  a 
successful  career ;  he  will  have  acquired  a  number  of  general  principles  which  he  cm n  t  rr>ce«d  to 
apply.  In  this  handsome  volume  we  at  last  have  tlie  accepted  text-book  of  modem  milliiig  in  good, 
MMWlEnelish.  which  has  little.  If  any.  trace  of  the  G«*nn^n  idiom." — The  Miller. 

**  The  appearance  oftbis  celebrated  work  in  HnKlish  is  very  opportune,  and  British|DaiIlefS 
win,  we  are  sture,  not  be  slow  in  availing  tbemselvea  of  iu  pages,  "—/n/frrr*  Gmtttttt, 

COTTON  MANUFACTURE. 

A  Manual  of  Practical  Instractton  of  the  Processes  of  Opening,  OodfaiK, 

Combing,  Drawing,  Doubling   and   Spinning  of  Cotton,  the   Methods  of 
Dyeing,  &c.    For  the  Use  of  Operatives,  Overlookers,  and  ManufBcttirers. 
By  JoHM  LiSTBR,  Tedmicftl  Instruclor,  Pendleton.  8vot  doth    .     .  7/6 
**  This  mvaluaUe  Tolume  is  a  Astlact  advance  ia  the  Uteiatiite  of  cottoa  — —fc^frt*'— 

^**^"*^lt1&  tborowclily  iiBsble.  ftiMMhc  nosrty  sit  ttio  roqiiiromonti  dMlied."  Gimifm  ffnmU, 

MODERN  CYCLE5. 

A  Practical  Handbook  on  their  Construction  and  RefMilr.   By  A.  J.  Walus* 

Tayler,  a.  M.  Inst.  C.  E.,  Author  of  "  Refrij;erating  Idachinecy/'^&c  With 
upwards  of  300  Illustrations.    Crown  Svo,  cloth  10/6 

••The  larpe  trade  that  is  done  in  the  component  parts  of  bicycles  has  placed  in  the  way  of 
msa  mechanically  inclined  extraordinary  facilities  for  builtling  bicycles  for  their  own  use.  .  .  .  The 
book  will  prove  a  valuable  guide  for  all  those  who  aspire  to  the  maiiufactuse  or  repair  of  tbalr  owa 
■Mchines.'  —  7'he  Fir  Id. 

"  A  most  comprehensive  and  up-to-date  treatise."— TA*  CyeU. 

"Avery  useful  book,  which  IS  quto  eotlllad  to  ondc  asastaodaidworielbrttndMltef  Qcl* 

construction."—  ll'heclin^^. 

MOTOR  CARS  OR  POWER  CARRIAGES  FOR  COMMON 

ROADS. 

By  A.  J.  Wai.lis-Taylar,  Assoc.  Memb.  Inst.  C.E.,  Author  of  "  Modem 
Cycles,^  Ac.  ei*  pp^,  with  76  Illustrations.  Crown  Svo,  clodi    .      .  4/6 

"The  book  is  clearly  expressed  thro'ighont,  and  is  just  the  sort  of  work  that  an  en^finc-r. 
thinking  of  turning  hb  attention  to  motor<arriage  work,  would  do  well  to  read  as  a  preliaunary  to 
suittaig  opewmoMS.*— ir»ifftMi*rfnft 
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PRACTICAL  TANNING. 

A  Handbook  of  Modern  Procesess,  Receipt!?,  and  Suggestions  for  the  Treatment 
of  Hide&t  Skins,  and  Pelts  of  every  Description.  By  L.  A.  Flemming, 
American  Tanner.  473  pages.  9vo,  aoth.      i/msi  PmiiitAid^  Net  20/0 

THE  ART  OP  LBATHBR  MANUPACTURB. 

Beine  a  Practical  Handbook,  in  which  the  Operations  of  Tanning,  Currying, 
and  Leather  Dressing  are  fully  Described,  and  the  Principles  of  Tanning 
Explained,  and  many  Recent  Processes  Introduced  ;  as  also  Methods  tor  the 

Estimation  of  Tanriiii,  and  a  Description  of  the  Arts  of  Glue  Boiling,  Gut 
Dressing,  &c   By  Albxanokr  Watt.   Fourth  Edition.  Crowa  8vo  cloth. 

9/0 

"A  sound,  comjirehcnbivf-  tt» :^Mst^  mi  frdi  jii^        its  accessories.    The  book  is  an  eminently 
v^U^Bte  pcoductioo,  wbicb  redounds  to  th«  credit  of  both  author  and  publishers. "—CA«>n«ai/ 

THE  ART  OP  50AP-MAKINO« 

A  Practical  Handbode  of  the  Manufttctitre  of  Hard  and  Soft  Soaps,  Toilet 
Soaps,  &c.  including  many  New  Processes,  and  a  Chapter  on  the  Recovery  of 
Glycerine  from  Waste  Leys.  By  Albxandbk  Watt.  Sixth  Edition, 
indoding  an  Appendix  on  Modern  Candlemaking.  Oown  8vo,  cloth  .  7/0 

"The  work  will  prove  very  useful,  not  merely  to  the  technological  student,  but  tO  tha 
practical  soap  boiler  who  wishes  to  understand  the  theory  of  his  art." — Ciutmcal  News. 

"  A  t!i  or  ij^hiy  practical  tre  li  c       coii^tulate  tbeattthoroii  tlM  sttccess  of  his  eBdeavouff 

to      A  void  in  litixliiih  technical  liierdtute,  — Naturt. 

PRACTICAL  PAPER-MAKING. 

A  Manual  for  Paper-Makers  and  Owners  and  Managers  of  Paper*Mills*  With 
Tsdiles,  Calculations,  &c.  By  G.  Clappbrton,  Paper-Maker.  WIUl  Illtu> 
tratiorrs  of  Fibr-s  frtnn  Mirro-Photographs.    Crown  8vo,  cloth      .       .  6/0 

"Theauili  r   ,H;>  rs  for  the  requirements  of  rf  s]    i\  il  le  mill  hands,  apprentices,  &c.,  whilst 
manual  will  Ih:  i^.ni:;i  1  v't  ;;rr,it  Service  to  students  o\  tcc'lnujl. ijr;>',  ;)s  w./ii  as  to  veteran  pap«r- 
raaJwnjKkd  mill  owners,   liie  iiiustrMioiis  fona  an  ekcelieiu  ieature."— 2'/m  tVorid's  i^a^tr  J'radt 

THB  ART  OP  PAPER-MAKINO. 

A  Practical  Handbook  of  the  Manufacture  of  Paper  'from  RagSf  Esparto, 

Straw,  and  other  Fibrous  Materials.  Including;  the  Manufacture  of  Pulp  from 
Wood  Fibre,  with  a  Description  of  the  Macninery  and  Appliances  used.  To 
which  are  added  Details  of  Processes  for  Recovering  Soda  from  Waste  Liqaors. 

By  Alexander  Watt.    With  Illustrations.    Crown  8vo,  cloth  .  T/Q 
"It  may  be  reg^arii  1  as  the  standard  work  on  the  subject.    The  Liook.  is  full  of  valuat>le 
Information.    The  'Art    i  Paper-Making;'  is  in  every  res|>ect  a  model  of  a  text-tx>oic«ltlMrlbrs 
techiUcal  class,  or  for  the  private  student.  ' — Pa-ptr  and  Printing  Trcuies  yvumaU 

A  TREATISE  ON  PAPER. 

For  Printers  and  Stationers.  With  an  Outline  of  Paper  Manufacture ;  Complete 
Tables  of  Siaes»  and  Spedmeus  of  Different  Kinds  of  Paper.  By  RicitamD 
Pakkinson,  late  of  the  Manchester  Technical  Scbool.  D«ny  Svo,  cloth  8/6 

CBMBNT5»  PA5TB5,  CLUBS.  AND  OUM5* 

A  Practi<»l  Guide  to  the  Manufacture  and  Application  of  the  various  Aggluti* 
nants  required  in  the  Building,  Metal- Workiiuc,  Wood- Working,  and  Luuber* 
Working  Trades,  and  for  Worlcshoi>  and  Office  Use.  With  upwards  of  900 
Recipes.  By  H.  C.  Stahdagb.  Third  Edition.   Crown  8vo,  cloth     .  2/0 

**We  have  nloaniM  In  apeakli^  favouiably  of  this  volume.  So  fu  as  we  have  bad 
eipetlsBce,  wMch  »  not  Iticonaldeialile.  this  raaniMl  b  tnistwtMrtli/.'''-^McfiiSMiit> 

THE  CABINET-MAKER'S  GUIDE 

TO  THB  BNTIRB  CONSTRUCTION  OP  CABINET  WORK. 

Including  Veneering,  Marquetrie,  Buhlwork,  Mosaic,  Inlaying,  &c.  ^  By 
Richard  Bitmbao.  Illustrated  with  Plans,  Sections,  and  Working  Drawings. 
Small  crown  8vo,  clotfa  8/6 

FRENCH  POLISHINQ  AND  ENAMELLING. 

A  Practical  Work  of  Instruction,  Including  Numerous  Recipes  for  making 
P'  li  [1  s,  Varniskes,  Qlaze'Lacquers,  Revivers,  &c.  By  Richard  Bitmkad, 
Author  of  "The  Cabinet'Maker's  Guide."  Small  crown  8vo,  cloth     .  1/6 
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WATCH  REPAIRING,  CLEANING,  AND  ADJUSTING. 

A  Practical  Handbook  dealing  with  the  Materials  and  Tools  Used,  and  the 
Methods  of  Repairing,  Cleaning,  Altering,  and  Adjusting  all  kinds  of  English 
and  Foreign  Watches,  Repeaters,  Chronographs  and  Marine  Chronomems* 
By  F.  J.  Gakkard,  Springer  and  Adjuster  of  Marine  Chronometers  and  Deck 
Watches  for  tbe  Admiralty.  With  over  soo  Illustrationi>.   Crown  8vo,  cloth. 

i/i*tt  Ptaiitked.  Nei  4-/6 

MODERN  HOROLOGY,  IN  THEORY  AND  PRACTICE. 

Translated  from  the  French  of  Claudius  Sauniek,  ex-Director  of  the  School 
of  Horology  at  Macon,  by  Julibn  Tkipplin,  F.R.  A  S  ,  Besan^on  Watch 
Manufacturer,  and  Kdv.'a'rii  Kifjc,  M.A.,  Assayer  in  the  Royal  Mint.  With 
Seventy-eight  Woodcuts  and  Twenty-two  Coloured  Copper  Plates.  Second 
Bditioo.  Super-royal  Svo^  IS2  2o.  dotb  I  haltoV  •  •  Ml2  tOm, 

"  There  is  no  horoloKical  work  in  the  English  languag-e  at  all  to  be  compared  to  thig] 


don  of  M.  Saunter's  for  clearness  and  com^leteiicss.  It  is  alike  good  as  a  guide  for  the  student  and 
Manfuence  for  the  experienced  horologist  and  skilled  workmaiL"—Ncroi<>j^i£ai  yournal. 

**The  latest,  the  most  complete,  and  the  most  reliable  of  those  literary  productions  to  which 
continental  watchmnkers  are  indebted  for  the  mechanical  su; p  riority  over  their  Fn^^^ii  h  brethren 
—in  fact,  tlie  Book  of  Books  is  M.  Saunier's  *  Treatise.'  "—Wa/f  A ^na>fc<r,  yew*Utr,  and ^iiivertmM^ 

THE  WATCH  ADJUSTER'S  MANUAL. 

A  Practical  Guide  for  the  Watch  and  Chronometer  Adjuster  in  Making, 
Springing,  Timing  and  Adjusting  for  laochranism,  Pontioos  and  Temperatures. 
By  C.  £.  FitiTTS.  370  ppw,  wi^  Illustratioas»  8vo,  cloth  .     .     •  18/0 

THE  WATCHMAiCER*S  HANDBOOK. 

Intended  as  a  Workshop  Companion  for  those  engaged  in  Watchmaking  und 
tbe  Allied  Mechanical  Arts.  Translated  from  the  French  of  Claodius 
Sauniek,  and  enlarged  by  Julien  Tripplin,  F.R.A.S.,  and  Edward  RigGi 
M.  A.,  Assayer  in  tbe  RoyalMint.   Third  BdUton.    Cr.  8vo,  cloth.     .  9/0 


*'fi«ckp«ftistni^at«easiaeinhsdf.  The  uiaasBDMint  to  good  and  the  langoage  la  dMt 
aad  cottdstt.   It  is  an  a^nhable  guide  for  the  young  w9Xt\xnaSKim.'''-EH£in*eriHg. 

HISTORY  OF  WATCHES  &  OTHER  TIMEKEEPERS. 

By  James  F.  Kendal,  M.B.H.  Inst.    1/6  boards:  or  cloth,  gilt       .  2/6 
"The  best  which  has  yet  appeared  on  this  subject  in  the  English  language,  "—/wrfwj^rijrj. 
"Open  tbe  book  where  you  may,  there  is  interesting  matter  in  it  concemii>g  tbe  Ingenious 
devices  oi  the  ancient  or  modem  lioioio8er.'*--^SMMntojr  Rnfiem, 


ELECTRO  PLATING &ELECTRO  REFININOOFMETALS. 

Being  a  new  edition  of  A lexandkr  Watt's  "  Elkctko-Deposition.*'  Re- 
vised and  Largely  Rewritten  by  Arnold  Philip,  B.Sc,  A.I.E.E.,  Principal 
Assistant  to  the  Admiralty  Chemist.    Large  Crown  8vo,  cloth.    .    Net  1  2'6 

"Altogether  the  work  can  be  hijfhly  r(-con>mended  to  every  eleclroplater,  antl  is  ol  u:i 
doubted  interest  to  ever>-  electro  inet.ilhirt;i.st."—£"/^f^r/iVt/  KrTific. 

"  Eminently  a  book  for  the  practical  worker  in  electro-depodtion.  It  contains  practical 
descriptiona  of  MMtbodi,  pfoowMes  a&d  matailals,  aa  actuallf  punuea  and  iiaed  In  tka  weftabop.'*— 
EHgift€€r, 

ELECTRO-METALLURGY. 

Practically  Treats.   By  Alkxandsk  Watt.   Tenth  £dilioa,  including  the 

most  recent  Processes,  lemoi  doth  3/6 

"  From  this  b  i>k  both  amateur  and oztisaa may  iesm ererytblng neceamy  fiir  the  aaooHifB) 

probecLitiuu  of  el©Ctroi)tating." — iron. 

JEWELLER'S  ASSISTANT  IN  WORKING    IN  GOLD. 

A  Practical  Treatise  for  Masters  and  Workmen,  Compiled  from  the  Experience 
of  Tlurty  Yean' Workshop  Practice.   By  Gsovgs  B.  Ott.  OtowntTOb  7/6 

"This  manual  of  technical  education  Is  apparently  destined  to  be  a  valoallla  «nllMiylea 

handicraft  which  Is  certainly  capable  of  great  improTCment."— T'A^  TitMM^ 

ELECTROPLATING. 

A  Practical  Handbook  on  the  Deposition  of  Copper,  Silver,  Nickel,  Gold. 
Aluminium,  Brass,  Platinum,  &c.,  &c.   By  J.  W,  UrQOHAST,  CB.  Fooitt 

Edition,  Revised.    Crown  8vo,  cloth  fl/Q 
An  excellent  practical  vaasMaL"—En£iiueriHg. 

Aa  eMellent  worlc,  giving  tbe  newest  inrofnia9oD.**--/r«r«Avfts/  y^mmmL 
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ELECTROTYPINQ, 

Tht  Reproduction  and  Multiulication  of  Printing  SoxftoM  and  Works  of  Art 
bv  the  Slectro-Deposition  of  Metals.  By  J.  W.  Urquhart,  C.E.  Crown  8vo, 
cloth  6/0 

"  The  book  k  thoroughly  practical ;  the  reader  b,  therefore,  conducted  through  the  leadinff 
tews  ol  eiectricity.  then  through  tt»e  meuds  used  by  electroCypers,  the  apparatus,  and  the  deporitfan 
up  to  the  fauJ  preparatkm  of  the  wmkJ'—^rt  ytmmmt, 


Q0LD5MiTH\S  HANDBOOK. 

By  Gborgs  £.  Gbe,  JeweUer,  &c.  fifth  Edition,   xamo,  doth  .      .  SiO 
•*  A  food,  aoBnd  educator.**— ir«fwAv*»/  ymumml, 

SILVBRSMIWS  HANDBOOK. 

By  Gbokgb  £.  Okic,  J«««ll«r,  ftc  Thiid  Sdition,  with  mmMroas  Illustra- 

tions.   xamo,  cloth  8/0 

**The  chief  merit  of  the  work  Is  Its  practical  character.  .  .  .  The  workers  In  the  trade  wlU 
HWeilllr  lliwmrri  tts  merits  when  they  sit  down  to  study  it."— Jinj^ /is h  Meihanic. 

Tht  abov$  two  works  topjther.  strongly  half -bound,  pric$  7s» 

3HEET  METAL  WORKER'S  INSTRUCTOR. 

Comprising  a  Selection  of  Geometrical  Problems  and  Practical  Rules  for 
Describing  the  Various  Patterns  Required  by  Zinc,  Sheet-iron,  Copper,  and 
Tin-Plate  Workers.  By  Reuben  Henry  Warn,  Practical  Tin-Plate  Worker. 
Nfw  Fdition,  Revised  and  greatly  Enlarged  by  Joseph  G.  Horner, 
AM  I  M  .E.    Crown  8vo,       pp.,  with  430  iUtistrauons,  clolh     .      .  7/Q 

SAVOURIES  AND  SWEETS 

Suitable  for  Lunclicons  and  Dinners.  liy  Miss  M  1..  Allen  (Mrs.  A. 
Macajre),  Author  uf  "  lireakfast  Di&hes,"  &c.  Twenty-ninth  EUitioa.  F  cap 
•vo,  sewed  1^ 

BREAKFAST  DISHES 

For  Every  Morning  of  Tbrte  Month«.  By  Miss  Allbk  (Mrs  A.  XIacairb), 
Autbor  of  "bavouries  .-vnd  Sweets,"  &c.  Twentysecond  Edition.  F'cap  8vo, 
sewed  •      .  I/O 

BREAD  d:  BISCUIT  BAKERS  &  SUOAR-BOILER'S 

A55I5TANT. 

Including  a  large  variety  of  Modern  Recipes.  With  Remarks  oti  the  Art  of 
Biead<Bwkaog.  By  Robert  WSLLS.  Xhiid  Edition.  Crown  6vo  »  .I/O 

"•A  iMfe  mimbereltnliiMae  farthe  pgdhMwy  ceek,  e»f»ellai  thelieiter.*'"<SieiiMr(ii|yJtw<>w. 

PASTRYCOOK  A  CONPECTIONBR^S  QUIDB. 

.For  Hotels,  Restaurants,  and  the  Trade  in  general,  adapted  also  Ibr  Family 
Use.    By  R.  WELI.S,  Author  of  "The  Bread  and  Biscuit  Hr\krr  "  .       .  10 

**  We  canned  speak  too  highly  of  this  really  excellent  work,    lu  lim^  clay&  ol  keen  coukpetiuoo 
'>  de  better  then  tur^hitr  Qiit  boolL*'  J?ejlwf'  TMmmw 


ORNAMBNTAL  CONPBCTIONBRY. 

A  Guide  for  Bakers,  Confectioners  and  Pastrycooks ;  including  a  variety  of 
Modern  Recipes,  and  K^mnrl-s  on  Decorative  and  Coloured  Work.  With  lao 
Original  Designs.    Ry  Kuiit^KT  WelL5.    Crown  8vo,  cloth  .  0/O 

"A  v.iiu.ii  !<■  vdiiv,  1  r  u  sical,  and  should  be  in  the  liands       v\t^r\  L.ikcr  in.l  confectioner* 
Tha  tilusuuiivu  dt^i^'ii^  are  worth  treble  the  amount  char^'ed  tur  tho  work."— it'a^rj'  2i$ms» 

MODERN  FLOUR  CONFECTIONER. 

Containing  a  large  Collection  of  Recipes  fov  Cheap  Cakes,  Biscttits,  &c.  With 
remarks  on  the  Ingredients  Used  in  their  MBHufnctiire.  By  R.  Wblu.   1  ;0 
"The  work    ui  A     idediy  practicalchincter.wdittevefyieGlpecepidlilndtoeeoooarieel 

Woridng." — Ai^r^/'t  hristih  Patty  Mail. 

RUBBER  HAND  STAMPS 

And  the  Manipulation  of  Rubber.  A  Practical  Treatise  on  the  Mannfactnre  of 
Indiarubber  Hand  Siamps,  Small  Articles  of  Indiarubber,  The  liekiograpb, 
Special  Inks,  CMBentS» and  Allied  Subjects.   By  T.  O'CoNOR  Sloamb,  A.M., 

Ph.l^.  With  numerotu  Illustrations.  Square  fivo,  doth.      »      «^  . .  •  .A/0> 
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HANDYB00K8  FOR  HANDICRAFTS. 

BY  PAUL  N.  HASLUCK. 

Bdiim  of  **  Woric  "  (New  Series),  Aathor  of  '*  Lathe  Worie,'*  •*  MiUinc  IfediiBM,'*  ftc 

Grown  8vo,  144  pp.,  price  is.  each. 


These  Handybooks  have  been  written  to  supply  information  for  Wokkmkn. 
Stuobnts,  and  Amatburs  in  the  several  Handicrafts,  on  the  actual  Practick  0/ 
ih§  Workshop,  and  ofs  itU*mled  to  convey  in  plain  languagB  Technical  Know- 
LEDGK  0/  the  several  Crafts.  In  describing  the  processes  employed,  and  the  manipu* 
lation  oj  material,  workshop  terms  are  used ;  workshop  practice  is  fully  explained  ; 
and  tht  UMt  4$  fftdy  4llm$init»d  wiih  dmmitigs  of  modsm  tooU,  appiiameu,  and 
procnm,   

METAL  TURNER'S  HANDYBOOK. 

A  Practical  Maiuud  Ibr  Woricen  at  the  Foot-Lallie.  With  100  Illaitntioii<i. 

1/0 

"  The  book  will  be  of  senrice  alike  to  the  amateur  and  the  artisan  taraaib  It  displays 

thorough  knowledgfe  of  the  subject." — Scotsman. 

WOOD  TURNER'S  HANDYBOOK. 

A  Piactical  Manual  for  Worken  at  the  Lathe.  With  over  100  Ulasmtions. 

I/O 

"  We  recommend  the  book  to  younf;  turners  and  amateurs.    A  multitude  of  WQllaaeR  have 
hitherto  sought  in  vain  fur  a  manual  of  this  special  industry." — MeckAtticai  tVortd, 

WATCH  JOBBER^S  HANDYBOOK. 

A  Practical  Manual  on  Cleanmgi  Repairing,  and  A4jaittng.  With  upwards  ol 

100  Ittnttratiotis   •••  1/p 

"We  stron^y  advise  aB young penwBSCoaaectedwMnhewetcfctwdeteecqiiwI  ttn^ 

thb  inexpensive  work."— C/irrik/Mnv// CArvMilr/lc. 

PATTERN  MAKER'S  HANDYBOOK. 

A  Pracdcal  Manual  on  the  Constntctson  of  Patterns  for  Founder*.  With 

upwards  of  100  Illustrations        .........  I/O 

"  A  most  valuable,  if  not  indispensable  manual  for  the  pattern  maker. "~iirM^/«^«. 

MECHANIC'S  WORKSHOP  HANDYBOOK. 

A  Practical  Manual  on  Mechanical  Manipulation,  embracing  Information 
on  various  Handicraft  Processes.  With  usefal  Notes  and  Misodlaiieous 

Memorzinda.    Comprising  about  200  Subjects  1  /O 

"A  very  clever  and  useful  book,  which  should  be  found  in  every  woricaliop;  and  it  should 
cettrinly  find  a  place  in  all  technicai  sclioois.''— -SaOiri^jr  JUvitm. 

MODEL  BNQINEBR'S  HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Model  Steam  Bn^oea.  HHth 
upwards  of  100  Illustrations.      .....«•••  t/0 

'« Mr.  Hadoeic  has  produced  a  very  good  Htde  beolc'^MMir. 

CLOCK  JOBBER'5  HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repairing,  and  Adjusting.   With  upwards  of 

zoo  Ilhisiratlons  1/0 
"  It  is  of  inestimabl«  service  to  those  commencinjf  the  ind^"— Coventry  Standard, 

CABINET  WORKER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Tools,  Materials,  Appliances,  and  Processes 
employed  in  Cabinet  Work.  With  upwards  of  100  luustrationf  *  1/0 


"  Mr.  Hasluck's  thorou^h-gfoing  Httle  Handyboolc  is  anoogst  dM 

seen  for  beginners  in  cabmet-work." 


have  seen  for  beginners  in  cabmet-woik. "—SarMrttoy  Xeview, 

WOODWORKER'S  HANDYBOOK. 

Embracing  Information  on  the  Tools,  Materials,  Appliances  and  Processes 

EnipIoy«(i  in  Woodworking.    With  104  Illustrations  1 '0 

"  Written  by  a  m  m  who  knows,  not  only  how  work  ought  to  be  done,  but  how  to  do  it,  and 
how  to  convey  his  knowledge  to  others." — Eng^neerinf^. 

"  Mr.  Hasluck  writes  admirably,  and  gives  complete  Instrucrions." — Engrinttr. 
"  Mr.  Hasluck  combines  the  experience  of  a  practical  teacher  with  the  manipulative  skUl  and 
scientific  knowledge  of  processes  of  tM  trained  meclianldan,  and  the  manuals  are  marvels  of  wliat 
can  be  produced  at  a  popular  pnc9,'*SeMt*immiin: 

"  Helpful  to  workmen  of  aU  afpes  and  dMmes  of  eaperiencsk"— XWCy  CMnnitle, 
-->midpemaleiL''^mSeMenUt»itn>Um, 
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COMMERCE,    COUNTING-HOUSE  WORK» 

TABLES,  ETC. 


LE550N5  IN  COMMERCE* 

By  Prnfes<;or  "R.  Gambaro,  of  the  Royal  Hi;^h  Commercial  School  at  Genoa. 

Edited  and  Revised  by  Jamks  Gault,  Frofe&sorof  Commerce  and  Commercial 

Lttwia  King's  College,  London.  Foorth  SditioQ.  Crown  Svo,  clotli   .  8/0 

"  The  pubUsbers  of  this  wotk  have  tendeied  considefable  service  to  the  csuse  of  cofmDetdd 
educadoa  by  the  opportune  production  of  this  irohune.  .  .  .  The  work  Is  peculiarly  acceptable  to 

En^sh  readers  ana  an  admirable  addition  to  existing  class  books.  In  a  phrjise.  we  think  the  work 
•ttauis  its  object  in  funii&hint;  a  brief  account  of  those  laws  and  customs  of  Briti&b  trade  with  which 
liMCOinni<^r:i/)1  man  interested  therein  should  be  {Amilia.T."—Ckamdtr  »/ Commerce  ycumal. 

"  Ati  mi  aluabte  guide  in  the  bands  of  those  who  are  preparing  for  a  commercial  career,  and. 
In  fnct,  ttK-  i  \r  nnatkn  It  coniaina  oD  natten  of  builiiMt  ilurakt  bo  hnpiowil  oa  •f«iyoMk"<* 

THB  PORBiaN  COMMERCIAL.  CORRESPONDENT. 

Being  Arris  to  Commercial  Correspondence  in  Five  Language^^  English, 
Frencb,  Geroian,  Italian,  and  Spanish.  By  Conrad  £.  Baker.  Third 
Bdition,  Carefully  Revised  Throughout.  Crown  8vo,  cloth  .      •      .  A\% 

"'\VVu)over  wishes  to  Correspond  In  all  the  langua^RS  mentioned  by  Mr.  Baker  cannot  do 
better  th.iii  bCudy  Lias  work,  the  materials  of  which  are  excellent  and  conveniently  arranged.  Tbey 
ccnsist  not  of  entire  specimen  letter.,  but— what  are  far  more  useful  ,..  jit] 
phrases  expressing  the  same  >;ener,il  idea  in  various  {r^x^ws  '  —  Alh^naunt, 

"  A  (  Hri-f-..l  cx.imin.itKjii  h.i-.  (..oftvinced  us  tli;it  It  U  unusi  " 
reiieble.   The  book  is  a  tborougtily  good  one.  "-^Sth^ttmmsUr, 

FACTORY  ACCOUNTS:  their  PRINCIPLES  &  PRACTICE. 

A  Handbook  for  Aci  in. t ants  and  Manufacturers,  with  Appendices  on  the 
Nomenclature  of  Machine  Details;  the  Income  T.ix  Acts:  the  Rating  of 
Factories;  Fire  and  Boiler  Insurance  ;  the  Factory  and  Workshop  Acts,  &c., 
including  also  a  Glossary  of  Terms  and  a  large  number  of  Specimen  Rulings. 
By  Emilb  Garckb  and  J.  M.  Fells.  Fifth  Edition,  Revised  and  Enlarged. 
Demy  8vo,  cloth  7/6 

"  A  very  interesting  description  of  the  requirements  of  Factory  Accounts.  .  .  .  The  principle 
of  assimilating  the  Factory  Accounts  to  the  general  commercial  books  is  one  which  we  thoroughly 
•glOe  with." — Acceutttants'  youmat, 

"rhsnrfnririKl  tij  nrtrnmn  thnrnimlinnM  Thafoanfavoaniotiof  fKtoriesvho  wouldnot 
derive  great  benefit  from  the  perusel  of  tfils  most  admliablo  woi^''—L4mfC»94$'H$mni  CMrmicU* 


MODERN  METROLOGY. 

A  Manual  of  the  Metrical  Units  and  Systems  of  the  present  Ceatory.  With 
en  Appendix  containing  n  propo&ed  English  System.  By  liowis  D.  'A. 
Jackson,  A.  M.  Inst.  C  a.,  Autnor  of  "Aid  to  Sarvey  Practioe,''  ftc  Large 

crown  8vo,  cloth  1 2/6 

^^^^^jj^ejwMmnend  the  we«k  to  en  ImeiesMd  In  the  pteetkal  fsfm  of  our  wdgbu  aad 

A  SERIE5  OF  METRIC  TABLES. 

In  which  the  British  Stnndnrd.  Measures  and  Weights  ere  compared  with  tboee 
of  the  Metric  System  at  present  in  Use  on  the  Continent.  By  C.  U.  0owling, 
C.E.    8vo,  cloth     .  10/6 


"  Mr.  Ooti^iag's  Tables  aie  well  pot  togellier  as  a  leedy  leckooot  for  the 
Into  the  other.  " 


IRON  AND  METAL  TRADES'  COMPANION^ 

For  Expeditiously  Ascertaining  the  Value  of  any  Goods  bought  or  sold  by 

WeiiTht,  from  is.  per  cwt.  to  iias.  per  cwi.,  and  from  one  farthinp  per  pound  to 
on^  shilling  per  pound.  By  Thomas  Downik.  Strongly  bound  in  leather, 
39^  pp  9/0 

"A  most  useful  set  of  tables,  nothlngr  Hke  them  before  existed."— AM 'j'ku-  X':^'s 
"  Alttaough  specially  adapted  to  the  Iron  and  metal  trades,  the  tables  wiU  be  found  useful  :n 
ofogr  oilieg  bownsss  la  wMch  tB«echamrt<e  Is  bought  and  eold  by  wBiiln."~ito«/Wio»  ^IWQffeed  by  Co 


42       CROSBY  LOCKWOOD  »  SON'S  CATALOGUS. 


NUMBER,  WEIGHT,  AND  FRACTIONAL  CALCULATOR. 

Coouining  upwards  of  350,000  Separate  Calculations^showing  at  a  Glance  CAe 
ValM  at  439  Different  Rates,  ranging  from  rif  of  a  Fenny  to  20s.  each,  or  per 
cwt.,  and  £20  per  ton,  of  any  number  of  articles  consecutively,  from  i  to  470. 
Any  number  ot  cwts.,  ors.,  and  lbs.,  from  i  cwt.  to  470  cwts.  Any  number  of 
tons,  cwts.,  qrt.,  and  lbs.,  from  i  to  z.ooo  tons.  By  William  Chadwick, 
Public  Accountant.    Third  Edition,  Revised  and  Improved.    8vo,  stronj^ly 

bound  1 8/0 

**  It  Is  as  MSjrof  vefBtencA  for  any  answer  or  any  number  of  answers  as  adictlcmaiy.  For 
Mktn^  up  accounts  or  esdmates  the  book  must  prove  invaluable  to  all  who  have  any  cOMMeimbto 
quantiQr  of  calculstkms  involving  price  and  measuiie  in  any  combination  to  do»''^mEi^pmt§r9 
*'TlM  aMM  pacfM  woik  of  tha  Und  yac  piqMnd.''-^;/te4rim 

THE  WEIGHT  CALCULATOR. 

BeinE  a  Series  of  Tables  upon  a  New  and  Comprehensive  Plan,  exhibiting  at 
one  Reference  the  exact  Value  of  any  Weight  from  2  lb.  to  15  tons,  at  300 
Progressive  Rates,  from  id.  to  168s.  per  cwt.,  and  containing  186,000  Direct 
Answers,  which,  with  their  Combinations,  consisting  of  a  single  addition 
(mostly  to  be  pcrfunned  at  sight),  will  affcHrd  an  aggr^ate  of  10,966,000 
Answers ;  the  whole  being  calculated  and  designed  to  ensure  correctness  and 
nrtMuote  despatch.  By  Hbnrv  Harben,  Accountant.  Sixth  Edition,  carefully 
Corrected.    Royal  Svo,  strongly  half>bound.         (/•»/  Pudlishtd*  fia. 

'  A  practical  and  useful  work  of  rafHeaoe  for  man  of  "f  ■MMratty. ' 
'Of  priceless  value  to  boiiaem  BMO.  It  Is  a  aece«aiy  book  la  aD  1 


THE  DISCOUNT  GUIDE. 

Comprising  several  Series  of  Tables  for  the  Use  of  Merchants,  Manufactiuers, 
Ironmongers,  and  Others,  by  which  maybe  ascertained  the  Exact  Profit  arising 
from  anv  mode  of  using  Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and 
dbe  method  of  other  ATteiins  a  Rate  of  Discount,  or  Advancing  a  Price,  so  as 
to  produce,  by  one  operation,  a  sum  that  will  realise  any  required  Profit  after 
allowing  cme  or  more  Discounts :  to  which  are  added  Tables  of  Profit  or 
Advance  from  x|  to  90  per  cent..  Tables  of  Dbooont  from  to  98I  per  cent., 
and  Tables  of  Commission,  &c.,  from  \  to  10  per  cent.  By  Henry  Harben, 
Accountant.  New  Edition,  Corrected.  Demy  Svo,  half-bound  .  £1  fia. 
'AbookandiaB  this  can  only  be  appiedated  by  busineM  men,  to  whom  tiM  saving  efHoM 
~  '  ~  n!-!!!S!!S^fft      ifaJ^JrSSc^''"^  ^  to  mewhann,  ■■aiiflrtiiiew,  and 

TABLB5  OP  WAQB5^ 

At  54,  52,  50  and  48  Hours  per  Week.  Showing  the  Amounts  of  Wages  from 
One  quarter  of  an  hour  to  Sixty-four  hours,  in  each  case  at  Rates  of  Wages 
advaadng  by  One  Shilling  from  45.  to  555.  per  week.  By  Tnos.  Gakbutt, 
Aocotintant.  Square  crown  Svo,  hialf^bound  •  6/0 

IRON-PLATE  WEIGHT  TABLES. 

For  Iron  Shipbuilders,  Engineers,  and  Iron  Merchants.  Containing  the 
Calculated  Weights  of  upwards  of  150,000  different  sisesof  Iron. Plates  from 
Z  foot  by  6  in.  by  i  in.  to  10  feet  by  5  feet  by  i  in.  Worked  out  on  the  Basis  oi 
40  lbs.  to  the  S4uare  foot  of  Iron  of  x  inch  in  thickness.  By  H.  Burunsom 
and  W.  H.  SumoM.  410^  lialf>bouml     ••••••  M  68. 
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AGRICULTURE,  FARMING, 

GARDENING,  ETC, 

THE  COMPLETE  QRAZIBR  AND    PARMER'S  AND 

CATTLB  BRBBDBR'S  ASSISTANT. 

A  Compendium  of  Husbandry,  Originally  Written  by  Wim.iam  Youatt. 
Fourteenth  Edition,  entirely  Re-writien,  considerably  Enlarged,  and  brought 
Opto  Prwent  Requirements,  by  William  Frkam,  LL.D.,  Assistant  Com- 
missioner,  Royal  Commission  on  Agriculture,  Author  of  "  The  Elements  of 
Agriculture,"  &c.   Royal  8vo,  x,xoo  pp.,  450  lUusUatioD6,  handsomely  bound. 

121  lis.  Oo. 


I.   ON  THB  VaRIETIHS.  BRBBDING,     j     BOOK  VII.    ON  THE  BRREDING,  RKARIHC* 

Rbaring,   Fatikning  anu  Manacr-         and  Managhmhnt  oh  poultry. 


MBNT  OF  CAT~ri.ii.  I  Book  VI 1 1.    on  Farm  Ofpicbs 

Book  11.  on  thh  economy  and  man-  i  Implhmhnts  of  hushandry. 

agbmrnt  op  thb  Dairy.  !  Book  ix.  on  1  hk  culture  amd  MaM* 

Book  III.  on  thh  Brbeoing,  Rbaring,  i  agrmhnt  of  grass  I.ands. 

and  Managhmhnt  of  Horsbs.  Book  X.    on  thh  Cultivation  and 


Book  IV.  on  thb  breeding,  rbaring, 

AND  Fattening  of  Sheep. 
Book  v.  on  the  breeding,  rearing. 

AMD  Fattening  of  swinh. 

BOOK  VI.    OH  TUM,  OlSBASBS  OF  LIVB 


APPLICATION  OF  GRASSES,  PULSH  AND 
ROOTS. 

Book  XI.    On  Manurbs  and  thbir 

APPLICATION   TO   GKASS   LAMD  AMD 

Crops. 

BOOK  Xlf.    MOMTHLV  CALBMDAKS  OF 

Farmwork. 

"  Dr.  Freara  is  to  be  congratulated  on  the  succeMful  attempt  be  has  made  to  (five  us  a  work 
which  will  at  once  become  the  standard  clinic  of  the  fum  practice  of  the  country.  We  believe 
that  it  will  be  found  that  it  has  no  compeer  among  the  many  worlcs  at  pragent  bi  exuteoce.  .  .  . 
The  Illustrations  arc  admirable,  while  the  frontispiece,  which  lapraMMS  tiM  wH  tlWOTi  bull« 
New  Year's  Gift,  brctl  by  the  Qu««a.  is  a  wofk  of  uf'—J/u  Times. 


"  The  book  must  t>e  recognlMd  as  occupybig  the  proud  position  of  the  moat  ailiWMllM  wMh 
MM  to  the  EofflMi  iHWO^  OS  tte  a^wt  ««h  trtrich  b  dasli.' W 
TltBosKooinjMialMiirfmgirfdetoaBodMnfiMniitii^^  lan^iage 


lo^qr*  .  .  <  TiMbooktoonetlMtoiiglitto  be  oa  cvciyflm  and  to  0w  llbtwyoCsva^ 
ownav."— Jfiwil  Lant  Bx^ss. 

"  In  point  of  exhaustiveness  and  accuracy  the  work  will  certainly  hold  a  pre-eminent  aild 
unique  poation  among  books  dealing;  with  acientihc  aifricultural  practice.  It  is,  in  fact,  an  agrioal* 
tana  Ubnry  of  itselt'WVtfrM  British  AgHmttmriaL 

FARM  UVB  STOCK  OP  QRBAT  BRITAIN. 

By  Robert  Wallace,  F.L.S.,  F.R.S.E..  &c.,  Professor  of  Agriculture  and 
Rural  Economy  in  the  Univer&ity  of  Edinourgb.  Third  Edition,  thoroiiKhly 
Revised  and  considerably  Enlarged.    With  over  xao  Phototypes  of  Prise 

Stock.    Demy  8vo,  384  pp.,  with  79  Plates  and  Maps,  cloth.       .       .  12/6 

**  A  really  complete  work  on  the  history,  breeds,  and  management  of  the  faim  atock  of  .Croat 
Britain,  and  one  irtddl  Is  Ikafy  to  ted  Its  way  to  the  OMlfea  ef  aveqr  cooDiiy  genilsaiaB'a  Bbwiy,** 

^TJu  Times. 

"  The  '  Farm  Live  Stock  of  Great  Britain '  is  a  production  to  be  proud  of.  and  Its  iHtie  Ml  the 

least  of  the  services  which  its  author  has  rendered  to  agricultural  science."— S«>//»j A  Farmer. 

NOTE-BOOK  OF  AGRICULTURAL  FACTS  &  FIQURBS 

FOR  FARMERS  AND  FARM  STUDENTS. 
By  PRIMROSK  McConnell,  B.Sc,  Fellow  of  the  Highland  and  Agricultural 
Society,  Author  of  '*  Elements  of  Farming."  Sixth  Edition,  Re'WrittWIlt Revised, 
and  greatly  Enlarged.     Fcap.  8vo,  480  pp.,  leather,  gilt  edges  .  6/0 

CONTENTS.— SURVEYING  AND  LEVP.LLING.— WEIGHTS  AND  MKASURHS.— MACHINERY 
AM)  BUILDINGS.  —  LABOUR.  —  OPERA  ^I<>N^.  —  DRAINING.  —  KMBANKINC;.  —  GEOLOGICAL 

Memoranda.  —  boius.  —  Manures.  —  cropiing.  —  Crops.— Rotations.  —  Whbds.  — 
Feeding.  — DairyiN( .. — Li v k  s  r ock. — horses.  —  CATTLa.-*SHBBr«-^G8»— FOUI*TltV«<» 

FoRBSTRY.— Horticulture.— Mi.scELLANBous. 


**No  fanner,  and  ceMalnly  no  agricultural  student,  ought  to  be  without  this  : 
OiaaQal  of  all  subjects  connected  with  the  farm."— A'or/A  BrMsA  Agriculturist. 

"This  little  pocket-book  contains  a  large  amount  of  tuieful  information  upon  sU  Idnds  of 
•gxicultural  subjects.  Something  of  the  kind  has  long  been  waiited.'*-^arA  Lams  Ei^tss. 


has  long  been  wailted.'*-^arA  Latu  Bt^*ss. 
^matkv^p^^mgx  tlie  ainjgeaMy  efwero 


so inethodlcei-  slraanft^cewipsaMea  aito  .  

lis  pages.  They  teem  with  infonnation.*»F«rm  mn4  Home. 

THE  ELEMENTS  OF  AGRICULTURAL  GLOLOQY. 

A  ScientHle  Aid  to  Prftcdcftl  Farming.  By  Pfuatitosx  McConnbll.  Author  of 
"Note-Book  of  Agricultural  Pacu  and  Ilgures,'*  &c.  Royal  8vo,  doth. 

N«l  21 /p 

**On  every  page  the  work  bears  the  impress  of  a  masterly  knowledge  of  the  subject  dealt 
with*  and  we  have  nothing  but  unstinted  praise  to  offer. Digitized  by  Googic 
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caosBr  tocKWOOD  ^  son's  catalogue. 


BRITISH  DAIRYING* 

A  Handy  Volume  on  the  Work  of  the  Dairy- Fftrm.    For  the  Use  ot  Technwal 

Jn<;trnction  Classes,  Stttdi?nts  in  Agricaltural  Colleges  and  the  Working  Dairy- 
FHiiJier.  By  Prof.  j.  P.  Shbldon.  With  lUostrations.  Second  Edition, 
Revised.  Oown  8vo,  ckxh  S/O 


**PfDbBbl7  tba  bMt  balf-oown  auutMl  oa  dairy  wovfc  tint  hat  jftt  been  producod." 
BHmk  ArricuUtritt. 

"  It  IS  the  sotuidest  Mttle  wocic  we  have  r«t  *mo  on  the  subject."— 77k<  Times. 


MILK,  CHEESE,  AND  BUTTER. 

A  Practical  Handbook  on  thdr  Properties  and  the  Processes  of  their  Produc* 
rion.  Indudinfr «  Chapc«r  on  Oream  and  tha  Methods  of  its  Separadon  frooi 

Milk.  By  John  tvkr,  late  Principal  of  the  Western  Dairy  Instituto, 
Berkeley.   With  Coloured  Plates  and  aoo  Illustrations.  Crown  8vo.  cloch. 


"  An  exbau<vtJve  and  masteriy  protluctioa,    Tt  ni:\y  Ix;  conMlly  I 
and  practitioners  i»f  dairy  science.'  — North  Brittih  A ^rxculturist. 

"^Ve  rcv  < i:iiriiend  this  very  ctiu.]  ri-lifiisive  and  carefully  written  book  to  rlriir)-  f;inners  ■\nLl 
Students  of  dairying.   It  is  a  distinct  acquisition  to  the  Ubrary  of  ttte  »gjck:%At\ins»L.''—Agricuitu*-»i 


SYSTEMATIC  SMALL  PARMINO. 

Or,  The  Lessons  of  My  ratni.  I'eing  an  Introduction  to  Modem  Farm 
Practice  for  Small  Farmers.  By  R.  Scott  Burn,  Aatlior  of  "  Outlines  of 
Modem  Farming,"  &e.  Crown  8vo,  dodi.  6/0 

"  Tiiis  u  the  compictest  iK>ok  of  its  class  we  have  soMk,  sttd  <MM  whlch  avMy  ■oMMnrteiaar 

will     id  wtth  >>leasure,  and  accept  as  a  jfuide."— /^rfr/W. 

OUTLINES  OF  MODERN  FARmiN(3. 

By  R.  Scott  Borm*  Soils.  Manures,  and  Crops — Farminf^  and  Farniing 
Bconomy— CnHtey  Sheep,  and  Hoiaes  Management  of  Dairy^  Pigs,  and 
Poultry — Utilisation  of  Town  wage,  Irrigation,  ftc  Sixth  Edition.  In  One 
Vol.,  1,250  pp.,  half-bound,  proiusely  Illustrated  12/0 

FARM  ENQINEERINQ,  The  COMPLETE  TEXT- BOOK  of. 

Comprising  Draining  and  £mhanking  ;  Irrigation  and  Water  Supplv ;  Farm 
Roads,  Fences  and  Gates  ;  Farm  Buildings ;  Barn  Implements  and  Machines; 
Field  Implements  and  Machines;  ARricuitural  Surveying,  &c.  l?y  Professor 
John  Scott.  In  One  Vol.,  1,150  pp.,  half>bouod,  with  over  600  Illustrations. 

12/0 

"  Writtt  ii  V.  ith  jfreat  care,  as  well  as  A i-.li  knowled^:«-  ni  l  .il  ility.  TSe  ,u;thor  has  done  his 
work  well;  we  have  found  him  a  vesy  trustworthy  guide  wherever  we  liave  lested  his  statements. 
TlMvolBBewlUbeofiieatvalnetoagilcaltttial  stwIewtSL"'-- Jfart  LmmBt^frm. 

THe  PIBLDS  OP  GREAT  BRITAIN. 

A  Text-Book  of  Agriculture.  Adapted  to  the  Syllabus  of  the  Science  and 
Art  Department.  For  Klementary  and  Advanced  Student Ry  HrnH 
C1.SMBMTS  (Board  of  Trade).  Second  Edition^  Revised,  wiih  Additions. 
iSmOfdoth  2/6 

"  It  is  a  long  time  since  we  have  seen  a  boolc  which  has  pleased  US  orane,  or  wldch  oontlim 

Such  a  vast  and  U!^ful  fiinU  of  knowledge."— iFrfwrart^wa/  Times. 

TABLES  and  MEMORANDA  for  FARMERS,  GRAZIERS, 
AGRICULTURAL  5TUDBNT3.  SURVBYORS,  LAND  AOBNTS, 

AUCTIONEBRS,  &c. 

With  a  New  System  of  Farm  Book-keeping.    By  SiDNEV  Francis.  Fifth 

Edition.    272  pp.,  waistcout-pocket  size,  limp  leather      .       .       .  .1/6 

"  Weighing  less  than  i  oz.,  and  occupvingno  more  space  than  a  match-hos.  It  contains  a  mass 
of  focts  and  calculations  which  has  never  beforo,  in  such  handy  form,  been  obtainable.  Every 
operation  on  the  farm  is  dealt  witti.  1  he  work  may  be  taken  as  thoroughly  accurate,  the  whole  of 
the  tables  having  been  tevised  by  Dr.  Frwun.  We  cofdiaUy  recomoMmd  h.-'-^BtdTM  iVeeJtfy 

THE    ROTHAMSTED    EXPERIMENTS   AND  THEIR 

PRACTICAL  LB.S50N3  FOR  FARMERS. 
Part  I.  Stock.  Part  IL  Crops.  By  C.  J.  R.  Tipms.  C3rowB  8m  cloth. 

S/6 


"We  have  no  doubt  that  the  t>ook«lii  be  welctlOinil  bv e  luCe dUi of  I 
inte«-«ed  b.  agHcu.tu«."-..M.^a.rf.  ^^^^^  ^^^^y^ 
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PBRTIU^ERS  AND  FEBDINQ  ^TUFF5. 

Their  Properties  and  Uses.  A  HandK  ooU  for  thf-  Pmrtical  Fanner.  By 
BsrnardDvbr»  D.Sc  (Lond.).  ^  With  the  Text  of  the  Fertiiisers  and  Feeding 
StnflW  Act  tX  1893,  The  Regulattcms  and  Fomtt  of  the  Board  of  Ai^eulture, 
and  Notes  on  i\\c  Act  by  A.  J. David,  B.A.,  LL.M.  Fourth  Edition,  Revised. 
Crown  8vo,  ciolh.  \ft4st  Published.  1/0 

"This  tittle  book  ts  precisely  what  it  professes  to  be^'A  Hamiboolc  for  the  Practical 
Farmeff.'  Dr.  Dyer  has  done  famirrs  good  service  in  piactav  at  flMiff  dispOMt  W  mcktiMAll 
faftfonDation  in  so  iiuellisible  a  form."— 7>Mt  7tm«f. 

BEB5  FOR  PLBASURB  AND  PROFIT. 

A  Guide  to  the  Menipulation  of  Bees,  the  Productioa  of  Honey,  and  the 

General  Management  of  thf?  Apiary.  By  G.  Gordon  Samson.  With 
numerous  Illustrations.    Crown  8vo,  wiapper  I/O 

BOOK-KEEPINQ  for  FARMERS  and  ESTATE  OWNERS. 

A  Practical  Treatise,  presenting,  in  Thrpe  Plans,  a  Sy«^tfm  adapted  for  all 
Classes  of  Farms.   By  Johnson  M.  Woodman,  Chartered  Accountant. 
Fourth  Sditioo.  Ckown  Svo^  doth.  MMf ImI.  8/6 
"The  rohune  b  a  cat>tod  ito<!^  of  a  mott  fanportant  m\i/ivX.'''^Agri€tiitufml  Giuum, 


WOODMAN'S  YEARLY  FARM  ACCOUNT  BOOK. 

Giving  Weekly  Labour  Account  and  Diaiy,  and  showuig  the  Income  and 
Expenditure  under  each  Department  of  Crops,  Live  StocK,  Dairy,  &c.,  &c. 
With  Valuation,  Profit  and  Loss  Account,  and  Balance  Sheet  at  the  End  of  the 
Year.  By  Johnson  M.  Woodman,  Chartered  Accountant.  Second  Kduion. 
FoIkh  half-boa&d  Ntt  7/6 


THE  FORCING  GARDEN. 

Or,  How  to  Grow  Early  Fruits,  Flowers  and  Vegetables.  With  Phuis  and 
Estimates  for  Building  GlasshoiTses,  Pits  aod  Framet.   With  lUnstnttions. 

By  Samubl  Wood.  Crown  8vo,  cloth  6/B 

■*  A  ffood  bookt  containing  a  great  deal  of  valuable  teechhig.'*  Cmnltmr^  JfiyweAH^ 

A  PLAIN  GUIDE  TO  GOOD  GARDENING. 

Or,  How  to  Grow  Vegetables,  Fruits,  and  Flowers.  By  S.  Wood.  Fourth 
£kiition,  with  considerable  Additions,  and  ntuueroos  lUu^rations.  Crown 
Bvo,  cloth    .     .     t   .  3/6 

"A  very   .1  book,  and  one  to  be  highly ■QBoniinended  ai a pnctlcsl guMek  Tittpiaeilcal 

dlrectioos  are  excellent,"— .<4lA«iMrwM. 

MULTUM-IN-PARVO  GARDENING. 

Or,  How  to  Mdee  One  Acre  of  Land  produce  ^^620  a  year  ,  by  the  Cnltivatioo 
of  Fruits  and  Vegetables  ;  also,  How  to  Grow  Flowers  in  l  iirf-e  Glass  Houses, 
so  as  to  realise  ]^i76  per  anniun  clear  Profit.  By  Samukl  Wood,  Author  of 
"GoodG»dentnf,''ftc  Sixth  Bditkm,  Crown  8vo,  sewed   .  'I/O 

THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN. 
And  Amateur's  Complete  Guide.  By  S.  Wood.  Crown  8vo»  doth     .  3/6 


POTATOES:  HOW  TO  GROW  AND  SHOW  THEM. 

A  Practical  Guide  to  Uie  Cultivation  and  General  Treatment  of  the  Potato. 
By  J.  Pink.  Crown  Bvo  2/0 

MARKET  AND  KITCHEN  GARDENING. 

By  C.  W.  SuAW,  late  Editor  of  *'  Gardening  lUusuated."  Crown  8vo,  c^^th. 
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AUCTIONEERING,   VALUING,  LAND 
SURVEYING,  ESTATE  AGENCY,  ETC. 


INWOOD'S    TABLE5   FOR    PURCHASING  ESTATES 

AND  FOR  THE  VALUATION  OP  PROPERTIES, 
Including  Advowsons,  Assurance  Policies,  Copyholds,  Deferred  Annuities, 
Freebolds,  Ground  Rents,  Immediate  Annuities,  Leaseholds,  Life  Interests, 
Mortgages,  Perpetuities,  Renewals  of  Leases,  Reversions,  Sinking  Funds, 
&c.,  &c.  27th  Edition,  Revised  and  Extended  by  William  Schooling, 
F.ILA.S.,  with  Logarithms  of  Natural  Numbers  and  Thoman's  Locwithmic 
Interatt  mimI  Annuity  Tables.   360  pp..  Demy  8vo,  doth. 

{Just  Published.  JVV/8/0 
"  Those  Interested  in  the  purchase  and  sale  of  estates,  and  hi  the  adjustment  ofcompensation 
cases,  as  well  as  in  transactions  In  annuities,  life  insurances,  &c.,  will  find  the  pveaeat  editioo  of 
eminent  service." — Enjnntering. 

"  This  valuable  boolc  has  bean  CQosidermblr  enlaicad  and  improved  by  the  laboun  of 
Mr.  Schooling,  and  is  now  very  complale  Indeed.*— gtwwwirtl 

"  Akocecber  this  edition  will  pimi  ftf  iTmnan  raliin  tn  mamr  riawai  nf  prnftwlen^l  mae  In 
savlnff  tkaai  many  lonur  •ad  tecHoos  cakulaiHeiit.'*— /w«M*rj'  Rt9Um, 


THE  APPRAISER,  AUCTIONEER,  BROKER,  HOUSE 

AND  ESTATE  AGENT  AND  VALUER'5  POCKET  ASSISTANT. 
For  the  Valuation  for  Purchase,  Sale,  or  Renewal  of  Leases,  Annuities,  and 
Reversions,  and  of  Property  generally  ;  with  Prices  for  Inventories,  &c.  By 
John  Wheeuer,  Valuer,  &c.  Sixth  Edition,  Re>written  and  gieatly  Extended 
by  C.  NoRRis.    Royal  39000,  cloth  5/O 

"  A  neat  and  concise  boslc  Sf  leference,  containing  an  admirable  and  dearly-arranged  list  of 
pflcaaforinventories.  aiidavervpnctkalsulde  todatetmine  the  valoeof  furniture,  &c.''--SteM<iarirf. 

**  Contains  a  <|uaattty  of  varied  and  naafiil  Infonnatiaa  at  to  the  valuation  for  puiahaae. 
Mia,  or  MMwal  of  laaaaib  anniiitiaa  and  wvenkwi.  and  of  iwopaftf  jgeaeaaBy,  wWi  niloes  fnm 


taventoriea,  and  a  guide  to  delerailne  tlie  value  of  kitoilor  fittlnga 

AUCTIONEERS:  THEIR  DUTIES  AND  LIABILITIES. 

A  Manual  of  Instruction  and  Counsel  for  the  Young  Auctioneer.  By  Robert 
Squibbs,  Auctioneer.  Second  Edition,  Revised.  Demy  8vo,  cloth  .   1 2/6 

"The  work  is  one  of  );en«-rai  excellent  diatacter«  and  givai  mocfa  tefsimallaa  la  a  eeai> 

pendiousand  satisfactory  {otm\.  —HuiUUr. 

"  May  be  reconmiended  as  ^ving  a  great  deal  of  iufolBMtiaa  OB  the  Inr  .tBlBttlK  tO 
aucdoneeis,  in  a  very  readable  form.  '—Imw  yattrtuU, 

THE  AGRICULTURAL  VALUER'S  ASSISTANT. 

A.  Pmctical  Hsodbook  on  the  ValisatioB  of  Landed  Estates ;  indoding 

Example  of  a  Detailed  Report  on  Management  and  Realisation ;  Forms  of 
Valuations  of  Tenant  Right ;  Lists  of  Local  Agricultural  Customs ;  Scales  of 
Compensation  under  the  Agricultural  Holdings  Act,  and  a  Brief  Treatise  on 

Compensation  under  the  Lands  Clauses  Acts.  &c.  Ry  Tom  Bkight,  Agricul- 
tural Valuer.  Author  of  "The  Agricultural  Surveyor  and  Estate  Agent's 
Handbook."  Fourth  Edition,  Revised,  with  Appendix  containing  a  Digest  of 
the  Agricultural  Holdings  Acts,  1883  and  1900.   Crown  8vo,  cloth  .  Net  6/0 

"  Full  of  tables  and  examples  in  connection  with  the  valuation  of  tenant-right,  estates,  labour, 
contents  and  wcii^hts  of  timber,  and  farm  produce  of  all  kinds." — Aericuiturai  Gautttt. 
**  An  eminently  ctactkal  handbook,  lull  of  practical  tablea  and  data  of  undoubted 
to  surveppw  aaa  ancttaieew  la  paapaiing  valnatlons  ef  al "  ^ "  " 


POLE  PLANTATIONS  AND  UNDERWOODS. 

A  Practical  Handbook  on  Estimating  the  Cost  of  Forming,  Renovating, 
Improving,  and  Grubbing  Plantations  and  Underwoods  their  Valuation  lor 
Purposes  of  Trauler,  Rental,  Sale  or  Aanaraent.  By  Tom  Bmgrt.  Orawn 

8vo,  cloth  ,       ,  ' 


"To  valuers,  foresters  and  agents  it  will  be  a  wdcome  aid."— A'^nA  BriHsh  Arrieulturist 
"  Well  calculated  to  assist  the  valuer  in  the  discharge  of  his  duties,  and  of  urdoubtod  tntereil 
and  use  bnch  to  surveyoia  and  auctiooaera  in  preparing  vataiatloaa  of  all  lrindi.''.*A'Mf  He^mid, 


Digitized  by  Google 
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AGRICULTURAL  PURVEYOR  AND  BSTATB  AQfiNrS 

HANDBOOK. 

Of  Practical  Rules,  Formuls,  Tabl«a»  and  Data.  A  Comprehensive  Manual 

for  the  Use  of  Surveyors,  Agents,  Landowners,  nnd  others  interested  in  the 
Equipment,  the  Management,  or  the  Valuation  of  Landed  Estates. 
Tom  Bright,  Agricultural  S  irvcyor  and  \  aluer,  Author  of  "The  Agn- 
cultural  Valuer's  A«nstaatt"  &c.  With  lUustiatioos.    Fcap.  Svo,  Leather. 

Net  7/6 

"  An  exceedin^y  useful  book,  the  contents  of  which  are  admirably  chosen.  The  classes  for 
whom  the  work  Ls  intended  will  find  it  convenient  to  have  this  comprehensive  handbook  accessible 
Iw  ftftnrence.  "—Z.it>f  Stock  yntmal. 

**  It  is  a  singularly  compact  and  trail  infomied  compendiam  of  tlia  facts  and  figures  fikeiy  to 
ba  NQafted  in  estate  woffc,  and  b  certain  to  pro«e  of  SBUch  service  to  thosa  to  wlHmi  It  Is 
addnasad.*'— ScMirMMn. 

THB  LAND  VALUBR*5  BEST  A55I5TANT. 

Being:  Tables  on  n  very  much  Improved  Plan^  for  Calculatincc  the  Value  of 
Estates.    Wuh  Tables  for  reducing  Scotch,  Irish,  and  Provincial  Customary 
Aei«s  to  Statute  Measure,  ftc  By  R.  HfiDSON,  CB.    New  Edition. 
Royal  32mo,  leather,  elastic  band      .......  4^'0 

"  Of  incakuUble  v  due  to  Uie  country  gentleman  and  professional  man."— ^ar*M«r«'  y0urnal, 

THE  LAND  IMPROVER'S  POCKET-BOOK. 

Comprising  FoimulsB,  Tables,  and  Mein<»raada  required  in  any  Computation 
rdatmg  to  th«  Pennaiient  Improyement  of  Landed  Property.  By  John  Ewast, 
Surveyor.   Second  Edition,  Revised.   Royal  3»iao,  oolong»  leather     .  4/0 

*'  A  compendious  and  handy  little  Tolume  "— ^'/frta^w. 

THE  LAND  VALUER'S  COMPLETE  POCKBT-BOOK. 

Being  the  above  Two  Works  bound  together.    Leather  •      •      •      ,  7/6 

HANDBOOK  OP  HOUSE  PROPERTY* 

A  Popular  and  Practical  Guide  to  the  Purchase,  Tenancy,  and  Com- 
pulsory  Sale  of  Houses  and  r>and,  including  Dilapidations  and  Fixtures: 
with  Examples  of  all  kinds  of  Valuations,  Infonnatum  00  Building  and  on  die 
ri^ht  use  of  Derorntive  Art.   By  £.  L.  Tarbuck,  Architect  and  Surveyor. 

Sixth  Edition.    lamo,  cloth  ff/O 

"  The  advice  is  thoroughly  practicaL'''-£tfW  youmal. 

"  For  alt  who  have  dealings  with  house  property,  this  is  an  indispensable  guide."— /)wc»nsMMk 
"  Carefully  brought  up  to  date,  and  much  improved  by  thasdmlon  of  a  OlHsleo  Ottflae  Alt« 
A  «i«ll.wiitten  and  ttaoaghtAal  wotk."— AgmU'  JUe»rd, 


LAW  AND  MISCELLANEOUS. 


MODERN  JOURNALISM. 

A  Handbook  of  Instruction  and  Counsel  for  the  Young  Journalist.  By  John 

B.  Mackib,  Fellow  of  the  Institute  of  Journalists.   Crown  8vo,  cloth    .  2/0 

"TUs  invaluable  guide  to  JoumaliMn  is  a  work  wMcb  all  aspirants  to  a  joufnalittic  canes  wOl 
fMdwkkadvaBta8a^'*-.>MinM%M  *^ 

HANDBOOK  FOR  SOLICITORS  AND  ENGINEERS 

Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provisional  Orders  for 

the  Authorisation  of  K.iilways,  Tramways,  and  W.iitr  WdfIs,  S^c. 
By  L.  L.  Macassey,  of  the  Middle  Temple,  Barrister-at-Law,  M.I.CE. 
SiPO,cloth    fil  6a. 

PATENTS  for  INVENTIONS,  HOW  to  PROCURE  THEM. 

OmipUed  for  the  Use  of  Inventors  Patentees  and  others.  By  G.  G.  M. 
Hanoingram,  Assoc.  Mem.  Inst.  CB.,  ftc.  Demy  8vo,  cloth  •  1  /6 

CONCILIATION 4k  ARBITRATION  In  LABOUR  DISPUTES. 

A  Historical  Sketch  and  Brief  Statement  of  the  PxesenC  Position  of  the 
Question  at  Home  and  Abroad.  By  J,  S.  Jkans.  &own  8vo,  soo  pp., 
cloth   t     .      •     •  22/6 


Digrtized  by  Google 


4B       CROSBY  LOCKWOOD  ^  SON*S  CATALOGUE, 


BVERY  MAN'S  OWN  LAWYER. 

A  Handy-Book  of  the  Principles  of  Law  And  Equity.  With  a  Concise 
Dictionary  of  Legal  Terms.  By  A  Bakristkr.  Forty-first  Edition,  care- 
fully Revised,  and  comprising  New  Acts  of  Parliamenti  including  the  Motor 
Car  Act,  1903  ;  KmploymerU  of  Chitdrtn  Act,  1Q03 ;  Pistots  Act,  1003;  Poor 
Pt  iicners'  Defence  Act,  1903;  ^.ducation  Acts  of  \<jo?.  ami  io<..3  ;  Housing  of 
the  Working  Classss  Act,  1003,  &c  Judicial  Decistom  pronounced  duri  ig  the 
year  have  also  heea  dtily  noted.  Crown  8vo,  Soo  pp.,  stron]^l^boM|djn  doth. 


6/1 


%•  TJUt  Statuiard  Work  of  Rejererue  forms  a  Complbtb  Epitomk  w 
I«AWS  or  England,  comt^rumg  {futtongtt  otktr  mmtttr); 


THE  RIGHTS  AND  WRONGS  OP  INDIVIDUALS 


Landlord  and  Thnant 
Vhndoks  and  Purchasers 
Lbasks  and  Mortcaghs 

1 DINT-STOCK  Companies 
lASTBRS,  SBRVANTS  AND  WORKMBM 
CONTKACrS  AND  AGRBBMBICTS 
MONBV  LBNDBltS,  SUUnSHIP 

Partm8«ship«  Shipping  law 
Salb  and  purcmasb  op  Goods 
CHRguBS.  Bills  and  notbs 
BILL5  OP  Salb,  Bankruptcy 
Life.  Firh.  and  Marucb  ' 

LlBHL  AND  i3LjU4DBR 


Criminal  Law 
Pakliamfntarv  Elections 
CofNi^'  tin; NCI Ls 
District  and  Parish  CouNcit,s 
Borough  Corporations 
Trustbbs  and  exbcutors 
Clbbgy  and  churchwarobns 

COPVKIGIIT,  PATBNTS,  TBADB  MARKS 
HUSBAND  AND  WlPB,  DiVOKCB 
INPANCY.  CUSTODY  OP  CHILDRBN 

Public  hbalth  and  Nuisancbs 

innkrbpbrs  and  sporting 

TaXBS  AND  DEATH  DUTIBS 


FORMS  OF  Wills,  agrbbmbnts,  Noticbs,  &c. 


The  object  o/  this  rv^rk  is  to  enable  those  -who  consult  it  to  help  themseivts  to  the 
la-w  :  and  thereby  to  dispense,  as  /ar  as  possible,  Tvxth  professional  assistance  afid  advice,  Thtrt 
are  many  -wrongs  and  gner  ances  -which  persons  subfnit  to  from  tinu  to  time  through  net 
knowing  hoTv  or  -where  to  afply  /or  redress  ;  and  many  persons  have  as  gnat  m  dn^ut  t^m 
lawyers  oj^ie  as  of  a  lion's  den.  \Vith  this  book  at  hand  it  is  believed  that  fiMmjr  •  SiX* AND* 
EIGHTPBNCB  mav  be  saved;  many  a  -wrong  redressed  ;  many  a  right  reclaimed  ;  mmny  a  trnm 
mUmwoUed:  emmmemy  an  enU  ttbated.  The  work  has  estaihshea  itself  as  the  standmrd  kgrnt 
mehtiseret/aileUuses,  andkms  mtso  made  a  r^mtmtUn/or  UM(f  ma  m  ms^fiU^tok  ^  r^fitrmmjkr 
Imwyers  residing  at  a  distanee  from  Utm  MrmiUt  «*»  fkut  to  Mom  mt  ktmd  m  work 
tKitt^yit^^  rwtuH  eltcttiotu  mt$et  0i0£tMOitl$ 

\*  Opimioms  op  thb  Prbs. 

**Tlie  amount  of  Information  t^nven  in  the  volume  is  simply  wonderful.  The  ceiillimed 
popularity  of  the  work  slu>u-  that  it  fulfils  a  useful  [  urpose." — Law  yourttal. 

"  As  a  book  of  rclvrcnce  this  volume  is  without  a  rivaL"— /W/  MaU  Gajtette, 

**  No  Eiq^islnnaii  ought  to  be  without  this  hotAt.'*— Engineer, 

"  Oiijilit  to  le  in  every  business  cslaMislmicnt  nnd  in  ;ill  libraries." — Sheffield  Pest. 

*'  The  '  Concise  Dictionary  '  adds  considerably  to  its  value." — lyestminster  Gazette. 

**lt  Is  a  eomptate  code  of  EngUth  Law  written  tan  plain  language,  which  aD  can  undentand. 
,  .  .  Should  be  in  the  heads  el  etegr  hnriasw  teen,  — d  aM  wt>o  wWi  to  sboiih  lewfsif  ffc"— 
ITeekiy  rimes. 

"  A  useful  and  concise  epitome  of  the  law.  compiled  with  considerable  are."— Law  Almgmitim* 
"  A  complete  digest  of  the  most  useful  facts  which  constitute  EngUsh  law."— 
••  Admirably  done,  admirably  arranged,  and  admirably  clieap."— X^M^  Morcnry, 
"  A  concise,  cheap,  and  complete  epuome  of  the  Eni^lishhw*   8p  pMnlyWlillenthelhewbe 
nuis  may  read,  and  he  who  reads  may  understand."— /'i(far«. 

**  A  dictionary  of  legdfKtswdl  put  togethes.  The  book  Is  a  Tety  eeeftil  eee."  SfteUOer. 


LABOUR  CONTRACTS. 

A  Popular  H.indlKxjk  on  the  Law  of  Contracts  for  Works  and  Services.  By 
David  Gibbons.  Fourth  Edition,  with  Appendix  of  Sututes  by  T.  F.  Uttlbv, 
Sofidtor.  Fcsf».  Svo,  doth   8/6 
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Preserved  food  Payement 


PRESERVED  WOOD  PAVEMENT  is  comparatively 
noiseless.  It  diminishes  the  wear  and  tear  of  vehicles  and 
horses.  It  is  healthy--contaiiiing  an  excellent  disinfectant— 
and  is  impervious  to  the  action  of  the  weather. 


ARMSTR0N8,  ADDISON  &  CO., 

Timber  Importers  &  Preservers, 

SUNDERLAND. 


A.  ft  Co.  hare  supplied  their  Creosoted  Beech  and  Fir 
PaTing  Blocks  to  Hammersmith,  UTewcastle-on-Tyne,  York, 
Manchester,  Bochdale,  Berwick-on-Tweed,  Sunderland,  Hex- 
ham, &c.,  ftc. 

QUOTATIONS  ON  APPLICATION. 
TeieaMMIO  A0D«E8e-*'HIIBER,  8UMDERUHD,"        TttEWOHEa-P.O.,  16j  NAT.,  184. 


OreosoterB  to  H.M.  aovernment  and  Prize  Uedaliats 

for  Superior  Oreoaoting. 

Digrtized  by  Goog 


ChOSBY  LOCKW 


CAR BO L I 
AVENARIUS. 

REGISTERED. 

THE  PATENT  WOOD  PRESERVATIVE. 

W$U  "known -all  aver  the  United  Kingdom. 

An  Antiseptic  and  Disinfectant,  specially  adapted  for 
the  treatment  of  wood  paving  blocks ;  effectually  preserves 
them  (after  fifteen  years'  experience)  for  a  longer  time  than, 
any  other  known  wood  preservative. 

CARBOLINEUM 

ITardens  the  wood,  more  especially  the  sappy  portions, 
and  prevents  extreme  expansion  and  oontfaotioa. 
Blooks  treated  with  O.A.  are  not  slippery  in  damp 

nor  dusty  in  dry  weather. 


Amongst  others,  the  following  Streets  in  London  hove  been  paved  with 
Carbolized  Blocks: — 


Duneannon  Street 

Albany  Street 

Northumberland 

Avenue 


Harley  Street 
Whitehall . 

Charing  Cross 
Endell  Street 
Trafalgar  Square 


Bow  Street,  &c.,  &c. 


PETERS,  BARTSCH  &  CO-^ 

Digitized-by 


PATENT 


3  9015  03869  5766 

^iifviiniku  w 


.ONE. 


Patent  Indurated  Slab  Paving 

Made  by  Machinery,  frost  proof,  and  practically 
everlasting. 

Thoroughly  matured  Slahs^  4s.  per  yard  sup,  at  Works, 
Crushing  strain  at  3  months,  7,134  lbs.  per  cubic  inch. 

Concrete  Sanitary  Tubes 

In  2-feet  lengths. 

Sizes     15  in.    18  in.    21  in.    24  in.    30  in.    36  in. 
Per  ft.    l/8i      2/8       3/7       4/8       6/2  8/2 

Tests  for  Porosity 

Made  by  Messrs.  D.  Kirkaldy  &  Son,  show  an 
absorption  of  only  i  '75  by  weight. 

Patent  in  Situ  Paving 

Laid  in  various  thicknesses,  according  to  traffic. 
The  best,  cheapest,  and  most  durable  paving  for 
Stables,  Yards,  School  Playgrounds  and  Corridors, 
Warehouses,  etc.,  etc. 

Staircases 

Built  in  Situ  ;  and  all  kinds  of  Window  Sills  and 
Heads  and  other  Architectural  Work  kept  in  stock 
or  made  to  pattern. 

MANUFACTURED  BY  THE 

PATENT  INDURATED  STONE  CO., 

LJ'  

Offices ^  Works,  and  Sidings — 

MILLWA 

Telegrams-PETRIFY,  LONlf  Coos 


